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General. 

The nineteenth meeting of the Indian Seicnct' Congress 
was held in Bangalo]*e from January !2nd io Hth, 1982. 

The inaugural meeting was held on Saturday, daiiuary 
■2nd, 1932, at 6 p.m. in the Intermediate College Hall, Banga- 
lore. Dr. E. P. Metcalfe, D.Sc., F.Inst.P., Vice-Chancellor 
of the Mysore University, and Chairman of the Local Becep- 
tion Committee, welcomed the delegates in a short speech, 
after which Sir Mirza Mahomed Ismail, C.B.E., C.I.E., 
Dewan of Mysore, read out a Message of Welcome from His 
Highness the Maharaja of Mysore, and opened the Congress 
with a short speech. The President of the Congress, Bai 
Bahadur Prof. S. B. Kashyap, B.A., M.So., I.E.S., then 
'delivered his address. 


The Sectional Presidential Addresses were delivered m 
follows : — 

Monday, January 4:th, 10 a.m., Chemistry; 11 a.m., 
Botany; 12 noon. Agriculture. 

Tuesday, January 5ih, 10 a.m., Mathematics and Physics; 
11 A.M., Zoology; 12 noon. Medical and Veterinary 
Besearch . 

Wednesday, January 6th, 10 a.m., Geology; 11 a.m., 
Psychology; 12 noon, Anthropology. 

The following functions were arranged in connection with 
ihe Congress: — 

Sunday, January Brd, Whole-day excursion to Sivasa- 
miidram, 

Monday, January 4th, 2-30 p.m. to 5 p.m., visits to: — 

1. Minerva Mills Co., Ltd. 

2. White Lead Syndicate. 

3. Bangalore Silk Filature. 

4-30 P.M., Mr. D. N. Sirur, Managing Director, Mysore 
Spinning, Weaving and Man\ifacturmg Co., Ltd., 
and Minerva Mills Ltd., * At Home' to delegates at 
the Minerva Mills Ltd. 

Tuesday, January 6th, 8 a.m. to 11 a.m., and 2-30 p.m. 
to 4-30 P.M., visits to: — 

1. Government Agricultural Farm, Hebbal. 

2. Serum Institute, Hebbal. 

3. Bangalore Woollen and Silk Mills Co: 

4. Mysore Spinning, Weaving and Manufacturing Co., 

Ltd. 

*5. Government Soap Factory, 
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Wednesday, January 6ih, 9 a.m., and 3. p.m., visits to: — 

1. Minto Ophthalmic Hospital. 

2. Indian Institute of Science. 

4-30 P.M., The Director of the Indian Institute of Science 
‘ At Home 

■THURSDAy, January 7f/i, 8-30 a.m., and 2-30 p.m. to 5 p.m., 
visits to: — 

1. Victoria Hospital. 

2. Agricultural Laboratories. 

3. Kaiser-i-Hind Woollen, Cotton and Silk Mills, Ltd. 

4. Electric ‘ A ’ Station. 

5. Laboratories of the University College of Engineer- 

ing. 

4-30 P.M., Vice-Chancellor of the Mysore University 
‘At Home’, at the Intermediate College. 

6 to 7 P.M., The Palace Indian Orchestra of H.H. The 
Maharaja of Mysore played at the Intermediate 
College. 

9-30 to 11-45 P.M., Hindi Drama ‘Prem Kabir’, by the 
Members of the Amateur Dramatic Association, 
Bangalore. 

Friday, January 8th, Whole-day excursion to the Kolar 
Gold Field. 

The popular lectures were delivered as follows: — 
January 4th, 6-30 p.m., ‘Eecent Developments in Chem- 
ical Technology’, by Prof. H. K. Sen, D.Sc. 

January 5th, 6-30 p.m., ‘New Wonders of Eadio by 
Prof. S. K. Mitra, D.Sc. 

January 6th, 6-30 p.m., ‘Sacred places of the Hindus in 
the Himalayas and beyond’, by Eai Bahadur Prof. 
S. E. Kashyap, B.A., M.Sc., I.E.S. 

The Council of the Indian Science Congress met on the 
•2nd January, 1932, at 12 noon. 

The Sectional Committees met on the 2nd January, 1932, 
at 2-30 p.m. 

The Executive Committee met on the 5th January, 1932, 
at 2 P.M. 

' The General Committee met on the 6th January, 1932, 
at 2 P.M. 



Opening Proceedings. 

The nineteenth session oC the Indian Boicnee Congress 
was opened on Saturday, .rauuavy 2ud, 1*1112, at (i I’.m. by 
Sir Mirza Mahomed Ismail, O.B.E., C.I.E., Dewan of 
Mysore, at the Intermediate College Hall. Bangalore, in the 
presence of a large gathering of delegates and visitors. 

Before the opening of the Congress by the Dewan of 
Mysore, the Chairman of the Local Eeception Committee, 
Dr. E. P. Metcalfe, welcomed the delegates in a short speech, 
and requested Sir Mirza Ismail to communicate the gracious. 
Message of the Patron, His Highness the Maharaja of Mysore, 
and to open the Session, as follows:— 

‘ Sir Mieza Ismail, Professor Kashyap, Ladies akd Gentle- 
men, 

It is my pleasant duty, on behalf of the Local Bocep- 
tion Committee, to extend to the Indian Science Con- 
gress a very hearty welcome to Bangalore. 

The Science Congress is no stranger to this City, having 
already held two very successful Sessions here. I venture 
to believe that this locality provides an atmosphere which 
should be congenial to scientific workers. Here, and in 
the immediate neighbourhood, are located the Science Col- 
lege of the University of Mysore, the Indian lustitute of 
Science and the scientific departments of the Government 
of Mysore, all of which foster the spirit of research and 
original investigation. Within easy reach are many 
objects and institutions of interest to the sciontifi cully 
minded, which should be visited as opportunities occur. 
Facilities for visiting and inspecting some of these are 
being provided; and it is hoped that many of you will 
take advantage of them. 

We trust that our arrangements for your convenience 
will generally meet with your approval; and that you 
will be good enough to excuse any doficionci(m in this 
respect, for even the best laid plans arc apt to misofirry 
at times. But T am hopeful that any such will bo few 
and minor, since the local secretaries and those actively 
associated with them in the preliminary work of prepara- 
tion have regarded their responsibilities very seriously, 
taking the greatest pains to ensure, so far as it may be 
possible to do so, smooth running in all departments. 

I offer you, then, our best wishes for fruitful and inspir- 
ing discussions at all your sectional meetings, that these 
may result _ in further stimulating and encouraging 
research during the year that is before us; and I venture- 
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to express the hope that, your labours completed, you 
will carry away with you a pleasant memory of the 
Bangalore Session of 1932. 

I now request Sir Mirza Ismail to communicate the 
gracious Message of our Patron, His Highness the 
Maharaja of Mysore, and to open the Session.’ 

After the speech of welcome by the Chairman of the 
Local deception Committee, Sir Mirza Ismail opened the 
Congress by reading the following gracious Message from 
His Highness the Maharaja of Mysore: — 

‘ It is with very great pleasure that I welcome to 
Bangalore a distinguished body of scientific men, repre- 
sentative of the Universities and learned bodies of the 
whole of India. And I hope I may take it as a compli- 
ment, not only to the salubrious climate in which you 
meet, but also to the spirit of enquiry and research that 
has been engendered, by the Mysore University as well 
as by the Indian Institute of Science, that you have 
chosen Bangalore for the third time as the place of your 
meeting. 

Scientific research is making very rapid strides in India, 
as in the rest of the world, and this is to be attributed 
in no small measure to the inspiring influence and co- 
ordinating effect of your meetings. My only doubt is 
whether you do not need to hold many more of them. 
Science is remaking the world, and the obligations that 
have been laid on birth and wealth in their turn now 
fall to be shared by Science as well. 

One of those obligations seems to me to be to do what 
mortals can to keep the different processes of the remak- 
ing in touch and tune with one another. Such co-ordina- 
tion seems to be sadly lacking at present. You give the 
world speed, and there is a death-roll like that of many 
battles. You mitigate disease, and the incapables in- 
crease and multiply. You discover new explosives, and 
place whole populations at the mercy of misguided in- 
dividuals. 

It may be said that it is an impossible task to develop 
the minds, the senses and the moral faculties of men 
so as to enable them to cope at once with the conditions 
that accrue from new discoveries in the field of physicfil 
science. But co-ordination can at least do something, 
and I commend to you the idea that you should do what 
in you lies to help the world to treat the Book of 
Knowledge as a whole, and should take one another 
into council as to the reactions of new discoveries in one 
branch of science upon the conditions that are dealt with 
by the others. 
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I wish you a very pleasant stay in Bangalore and all 
success to the deliberations in which you arc about 1)0 
engage. ’ 

After the reading of the Message Sir Mir/ai Ismail ad- 
dressed the delegatus as follows: — 

‘ Ladies and Gentlemen, 

It is with some misgiving that I veTitur(‘, to confront 
this assembly of scientific thinkers and workers, but I 
take comfort in the thou gl it that the good scicmiiist is 
proverbially patient, even with the layman, with his 
inexpert, hurriedly prepared remarks. And 1 know you 
are practisers and admirers of brevity. 

As you are aware, I have lately been one of a company 
breathing a very different atmosphere from that in whicli 
you, as scientific researchers, live. The politician, as 
I suppose 1 must describe myself, exists in an environ- 
ment of his own to which he has to adjust himself in 
his own ways. I cannot help envying the lot of the man 
of science who seems to live in a region free from the ran- 
cour and suspicion, the excitement and disappointment, 
which often beset the path of the politician. 

You, gentlemen, are engaged in a noble pursuit — tlu‘, 
single-minded and unwavering pursuit of truth, as Nature 
half reveals and half conceals it. Sometimes this re- 
search is practical in aim. Sometimes it seeks trutli 
only. Our age is apt to forgot that the latter aim is 
the nobler; and that noblest of all are tlio strcimouHness 
and discipline in seeking which make even failures a 
triumph of the spirit. 

The mind of science is a modest mind, for it recog- 
nises that there are many things it does not know. li- 
is ^ a discriminating mind, for it tests and aocepi.s or 
rejects as the test may tell. It is an open mind, knowing 
no passion or prejudice, unless it he the passion for trutli 
as yet unknown, and the stern pnd’orcnco for truth dis- 
covered though it shatter tlicorics or dreams. 

The forces of Nature are the enduring weallJi of man- 
kind. But the command of the forces of Nature in the 
wrong hands can be turned from iJie highest purposes to 
the basest, most demoniacal uses, as was so painfully 
shown during tlic Groat War; and who knows what may 
be in store for humanity in any such future conflict? 
“If,^ therefore, a scientific civilisation is to be a good 
civilisation, it is necessary that increase in knowledge 
should,’* in the words of Mr. Bertrand Russell, *'bc 
accoinpanied by increase in wisdom,” meaning by wisdom 
a ‘‘right conception of the ends of life,” “something 
which science in itself does not provide”. 
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But it cannot be denied that, on the whole, the pro- 
gress of modern science has been of the highest possible 
benefit to mankind in every field of human endeavour. 
Knowledge without wisdom may be dangerous, but I 
believe that knowledge generally produces wisdom. Thus 
will humanity progress through time asserting its supre- 
macy more and more over the forces of Nature and utilis- 
ing them for its own benefit, both moral and material. 

This Congress stands for all that is most worthy in 
scientific research. During its comparatively short life 
of eighteen years, it has come to take a place of national 
importance. The value of your annual sessions in insti- 
gating, encouraging and co-ordinating research can hardly 
be over-estimated. To you, as a body, must be due 
much of the credit for the position now Jsaken by Indian 
researchers in the very forefront of the modern world’s 
scientific advance. It is significant that the present enthu- 
siasm for original investigation in India, which has so 
rapidly produced such striking results, has grown during 
the period dating from the inception of this Congress. 

In concluding, gentlemen, let me assure you that 
Bangalore is honoured by your meeting here for the third 
time. We extend to you a most hearty welcome: and 
we hope that your visit may be a most enjoyable and 
interesting one, and that the fullest possible measure 
of success may attend this Session of the Indian Science 
Congress. 

I will now declare the Session open, inviting Professor 
Kashyap to assume his office of President.’ 

After the opening of the Congress, Eai Bahadur Prof. 
S. E. Kashyap delivered his Presidential Address. 

At the conclusion of the address Prof. S. P. Agharkar 
moved a vote of thanks to Sir Mirza Ismail for having con- 
sented to open the Congress, which was carried by acclama- 
tion. 




Presidential Address. 


Oojigress President: — Rai Bahadur Lala Shiv Ram Kashyap, 
B.A., M.Sc., I.E.S. 

Some Aspects of the Alpine Vegetation of the Himalaya 

AND Tibet. 

The Himalayan range, on account of its great diversity 
of climate at various altitudes and even in the various parts 
of its great length from east to west, ofiers a very favourable 
opportunity for the study of vegetation under difierent cli-' 
matic conditions. Rising as it does from very near the level 
of the sea going up far beyond the snow line where the peaks 
are practically wholly covered with perpetual snow, thus plac- 
ing a limit on the occurrence of vegetation, and extending as 
it does from the east where the climate is sub-tropical to the 
north-west where it becomes markedly temperate and in 
places very dry, it presents a great variety of vegetation at 
different parts of its course, from the magnificent sub-tropical 
rain forest to the scanty vegetation of alpine desert. On the 
contrary beyond the lofty wall of the Himalaya is the highly 
elevated Tibetan plateau^ with its scanty precipitation, strong 
dry winds, intense insolation and severe cold, presenting a 
very uniform set of climatic factors, with the result that vege- 
tation is very similar over very large areas in that region. 

Although the rich flora of the Himalaya has been more 
or less fully studied generally from the systematic point of 
view yet the study of the vegetation in its various aspects has 
not received the attention it deserves. Even from a purely 
sptematic point of view the intensive study of the vegeta- 
tion of limited areas is sure to lead to the discovery of new 
forms, and a study of the flora from the ecological point of 
view is bound to give results of the highest importance. 
Not only, therefore, there is room for field work by way of 
observation alone but experimental investigation on* the lines 
of the work of Bonnier in the European Alps in connection 
with the effect of altitude on the growth of plants would no 
doubt be rewarded by similar interesting results. 


^ The Tibetan plateau near the Manasarowar Lake in Western Tibet 
IS 15,000' above the sea level and of course higher as we approach the 
neighbouring hills. It gradually falls down to the West until it is 
about 14,820' at Tirthapuri and about 12,200' at Tholing, both on the 
banks of the Sutlej. Beyond the Manasarowar Lake the level of the 
country again gradually falls towards the East. The plateau beyond 
the Tangla Bass is about 15,000' and at Gyantse the level is 13,000' 
above the sea. 



14 


Nineteenth Indian Science Congress, 


( 2 ) 


I wish to put before you some very general observations 
on the alpine vegetation ' of the Himalaya and Tibet as a 
result of my travels during the last 12 years or so. During 
this period I have had opportunities of visiting various parts 
of the Himalaya and have crossed tlie range at nine differ- 
ent places from the Zojila in Kashmir in thc‘. west to the 
Tangla at the head of the Cbhumbi Valley in the 


Boundary between India and Tibet. 

Although the Himalayan wall separates the southern 
region with its luxuriant vegetation at lower levels from the 
Tibetan plateau which may be termed generally a desert, 
yet there is no hard and fast line between the two regions 
so far as the vegetation is concerned in many places. Al- 
though some of the valleys like the Chhumbi Valley and 
the Alaknanda Valley are very rich in their flora, others like 
the Vishnuganga Valley in Garhwal, Chandra Valley in Lahul, 
even the Sutlej Valley near Shipki, and the isolated tract of 
Spiti, possess a type of vegetation which is essentially Tibe- 
tan (Figs. 1, 2, 3). The reason is, no doubt, the scanty 
precipitation and the low temperature in some cases due 
merely to the high altitude and in others to tlie nearness of 
high peaks with large glaciers. This difference is sometime.s 
very marked even in neighbouring valleys whore one wotild 
not expect it on account of their geographical contiguity. 
A good example is afforded by the Alaknanda Valley and tlio 
Vishnuganga Valley in Garhwal lying side by side and sepa- 
rated only by a ridge which were visited by ’me last August. 
The former possesses a rich herbaceous vegetation above 
10,000 feet above the sea and was full of flowers occuri’ing in 
large brilliantly coloured beds, whereas the vegetation in 
the latter was very scanty and presented a marked contrast 
on account of the absence of the colour present in the former, 

Flora of Tibet. 

Collections in Tibet have boon made by many travellers 
during the last 80 ycai*s or so and in 1002 Hemslcy guv(‘ a. 
very comprehensive account of the flora of Tibet ‘or High 
Asia based on these collections (Journ. Lin. Boa. Vol, XXXV, 


east'll! S w following PaHBCB from wont io 

. bhmgon La (Zanskar) ; (f)} Baralacjlm 

^ahul) ; {4} Sbpki La (Tibet, on the Hindustan-Tibet Boad) ; (5) Mana 
Pass, and (6) Hoti Pass, near Niti Pass {both in Garhwal); (7) Kmi‘uu 
^npi Pass, and (8) Lipnlekh Pass (both in Kninaon), and (9) Tanlla 
(Tibet, at the head of the Chhnmbi Valley). Some of these Passes hjwe 
or oftener. The Tan|la leads to Sal Tibet 
all the rest lead to some part of Western Tibet including Ladak. 
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1902). Since then Marquand has added a considerable num- 
ber to the list from Eastern Tibet from the collections made 
by Kingdon Ward (Journ. Lin. Soc., Vol. XL VIII, 1928). 
Similarly Ostenfeld and Paulsen have published the deter- 
minations of specimens collected by Sven Hedin (Sven 
Hedin: Southern Tibet, Vol. 6, 1921). These, with a few 
other papers, give us most of the information regarding the 
flora of Tibet. Since travelling in Tibet presents great obs- 
tacles owing to the rigorous climate of the country, difficul- 
ties of transport and provisions, etc., collections have gene- 
rally been made only along the roadside and for a short 
period only during the year. For this reason the number 
of specimens collected is, even for Tibet, not large in many 
collections. Hemsley’s comprehensive list dealing with all 
the collections made till then consists of 283 names of vas- 
cular plants. Excluding the species of the families Cypera- 
ceae and the Gramineae, the number is 241. A longer stay 
in the country and a more extensive search would no doubt 
yield many more plants and although the number of plants 
found in Tibet must always remain very small owing to the 
nature of the climate yet it" is certainly much larger than 
one would be led to conclude from the collections dealt with 
so far. The area included in Hemsley's paper is very ex- 
tensive. He defines Tibet as ‘ bounded on the east by China 
Proper; on the south by the Himalaya Mountain; on the 
west by the Himalaya and Karakorum Mountains and on 
the north by the Keria, Toguz Daban or Kuen Luen, Altyn 
Tag and Nan Shan Mountains. Chinese or Eastern Turkes- 
tan in the western part and Mongolia in the eastern part, 
are the countries immediately to the north.’ My own col- 
lection has been restricted to the southern part of Tibet and 
especially of Western Tibet. This part of Tibet is more ele- 
vated and far more dry and barren than central and eastern 
parts and the further east we go the better developed is the 
vegetation. A good many specimens in my collection have 
not been determined as yet but even then my list from a 
very limited area, as stated above, excluding the families 
Cyperaceae and Gramineae, includes 206 species as against 
241 given by Hemsley from the whole of High Asia. Out 
of this total of 206 only 85 are found in Hemsley ’s list and 
121 are not mentioned there. Even taking into considera- 
tion the species enumerated by Marquand from the further 
east and restricting ourselves onlj to western Tibet we still 
find that out of 140 species of my collection from western 
Tibet alone 68 are not given in Hemsley ’s list. Several fami- 
lies have not been recorded by him from this region and I 
have been able to add their representatives to the list, for 
example, Violaceae {Viola hunawaTensis)^ Eubiaceae {Galium 
Aparine, Galium paucifLorum) and Convolvulacege {Guseuta 
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sp.). The number of species belonging to the Boraginuceae 
is much larger than recorded by B'emsley, being 8 against 
2, and the same may be said of a number of other groups. 
Thus a very simple result of a more extensive study of the 
Plora of Western Tibet ha.s been to increase very largely t-he 
number of plants known from that region. A coinpleio list 
of the plants is issued as a supplement to this address. The 
term Western Tibet as used above does not inclndt* Ladak 
and Spiti though these parts are botanically essentially similar 
to Tibet 2^roper, If they were included the number of plants 
would be increased still further. 

A mere enumeration of species, however, gives no idea, 
of the actual state of vegetation in any locality, or, wind, is 
worse, gives a wholly wrong impression. Although the num- 
ber of species from a particular locality may be fairly large, 
yet it does not necessarily follow that the number of indivi- 
duals would be large also and it is the number of individuals, 
rather than the number of species, which gives a proper idea 
of the vegetation of the place. In Tibet the number of in- 
dividuals is very small and the soil is bare throughout the 
greater part of it. A good many plants are met witli here 
and there under stones and other sheltered places, wheroaR, 
the open country is very sparsely inhabited, the plants some- 
times growing at very great intervals. Near water, however, 
on the banks of the streams and lakes the vegetatioti is 
usually very thick and forms a dense carpet of grass and 
other small herbaceous flowering plants. In such places the 
Himalayan element is often very conspicuous. To give one 
example only, Lancea tibetica is a common plant on the 
Indian side at 12,000" to 15,000" above the sea. It is quite 
abundant at Kuti, 13,000", and below the Lipulekh Pass at 
about 15,000", in Kiimaon. It is equally abundant in West- 
ern Tibet in moist places, at Taklakot, 13,000", round the 
sacred Kailas Mountain up to 16,500", between Tirthapuri 
and Diilchu, 14,500" to 15,000", and in Central Tibet at Dochen, 
14,700", and other similar places. 

Alpine vegetation and altitude. 

Tree limit is reached at about 12,000" in the Wostew 
Himalaya (Lahul, Garhwal, Kumaon, etc.), and a little high- 
er in the Eastern Himalaya, 12,500' to 18,000' (Chhurnl)i Val- 
ley, etc.). Beyond this level trees are replaced by shrubH 
which naturally differ in different parts of the range. On 
the east, Ehododendrons are predominant, whereas on the 
west Junipers and Willows are more common. There arc, 
of course, many other woody species *in addition, as LonC 
cera^ ^ Garagana, etc. An interesting feature of this vegeta- 
tion is a tendency on the part of its components to form a 
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‘ carpet ’ like their brethren in the European Alps. A ‘ car- 
pet plant ’ in the words of Newell Arber (Plant life in Alpine 
Switzerland, 1910) ‘ is a very dwarf recumbent shrub : one 
might almost say a miniature tree. The ];)lant is woody and 
not herbaceous. The stem is very short tmd buried in the 
soil. Just above the ground a very large number of long 
prostrate branches spread over a considerable area, packed 
closely together. The branches bear numerous little tufts of 
leaves and thus a green carpet of close texture, often occupy- 
ing many square feet in extent, is woven over the soil.’ Such 
carpets are very conspicuous in, among other places, the 
higher parts of Sikkim, for example, below Nathula at about 
12,000^ where they are formed of species of Rhododendron, 
and near the source of the Alaknanda in Garhwal, formed 
of Rhododendron Anthopogon and Salix sclerophylla at a 
slightly higher level (Figs. 4 and 6). Tlie Rhododendron is 
less than a foot high whereas the Salix is only 3 or 4 inches 
above the ground, in the latter locality. 

Above this level we come to the herbaceous vegetation 
forming beautiful beds of large extent. The composition of 
such beds is naturally different in different places. They 
may consist merely of one or more grasses in the main or 
of dowering herbs of various kinds and colours, pure or mixed. 
These beds can be seen anywhere from the higher margs of 
Kashmir to the level spots in Sikkim in the whole range of 
the Himalaya. It goes without saying that local conditions 
regarding moisture and soil, etc., would manifest their effects 
by varying not only the altitude at which the various types 
occur but also the nature and composition of the vegetation. 

Flower colour and size in alpine plants. 

It has been accepted for a long time that ‘ in case of 
plants occupying a large vertical range the plant becomes 
practically' dwarfed as its higher limit is approached. We 
shall, however, observe that what is lost in luxuriance of leaf 
and length of stem is compensated for often by increase in 
size and almost always by heightened colour of the dower.’ 
(Walton: Flowers from the Upper Alps, 1869.) It is cer- 
tainly true of the Himalayas that many species become 
dwarfed as they ascend higher and higher. Such a well- 
known common plant as Clienopodium album which may 
reach a height of 8 or 9 feet in the plains is reduced to an 
inch or two at 14,000' or so at the adult dower-bearing stage. 
The second part of the above statement, however, cannot 
always be so clearly demonstrated. Many plants become 
larger as they ascend, up to a certain limit, and at the same 
time bear larger dowers So much depends on the amount 
of moisture and shelter that mere altitude is no guide at all 
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in manv cases. Anemone rimdaris was particularly observed 
in this respect in Garhwal. Up to about 10,000' the plants 
grow bigger and many measurements showed that the flowers 
on the whole reached a larger size than those met with at lower 
levels. Occasionally- large flowers were met with at lower le- 
vels also just as small flowers occurred at a higher level, but 
the number of large flowers at higher levels was very much 
larger and the absolute maximum size of the flowers was also 
gi-eater at the upper limit. 

Another phenomenon connected with the form and size 
of the flower is met with in some plants at about 10,000' 
and above. This is the replacement of the flower or the fer- 
tile shoot by vegetative shoots. Its significance in connec- 
tion with the alpine habit, hovrever, is not yet known. I 
have noticed it- in three different species. In Euphorbia 
tihetica, branches which would ordinarily end in cyathia are 
often replaced by vegetative shoots with ordinary leaves. It 
is a common enough observation in Western Tibet at about 
13,000' and was described by me at one of the meetings of 
the Congress in the Botany Section a few years ago. A 
second case is that of Anemone riviilaris in which this abnor- 
mality is exceedingly common in the Western Himalaya at 
about 10,000'. Here in extreme cases the whole flower is 
replaced by a large tuft of green leaf -like structures. In less 
developed oases the carpels remain undeveloped and the se- 
pals and stamens are modified into green leaves. In still 
other plants the stamens and carpels are undeveloped and 
the sepals are larger and more or less green in colour. The 
third case is that of Rhododendron lepidotum which possesses 
purple-coloured flowers. The abnormality was first seen 
in Sikkim at about 12,000' where it is very common. In 
this case the flower is replaced by a tuft of red leaves. These 
examples can hardly be due to a coincidence but their signi- 
ficance, as stated above, is unknown. 

As regards the intensity of colour it is difficult to pro- 
nounce ^my judgment. Species of Potent ilia (especially 
Potentilla argyrophylla) and Anemone were observed but no 
appreciable difference could be detected. Arber says {loc. 
cit. , page 44) ‘ It has been shown repeatedly that the pigment 
which is contained in the petals and to which the colour is 
due increases in intensity as we pass from the plains to the 
Alpine zone. \'\fliile this is the general rule for all colours 
as well as blue it does not hold good in every case.’ He has 
also quoted figures giving the number of species with dif- 
fpent colours of flowers. As pointed out above the enumera- 
tion of species does not always give us the true conception 
of the state of things. The number of species with a parti- 
cular flower colour may be large yet the individuals may not 
be many and the flowers may not be very conspicuous. The 
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^percentages given (after Dr. Fisch) are, SO per cent, white- 
flowered species to 27 per cent, yellow-flowered, and 19 per 
cent, red-flowered and 24 per cent, violet- or blue-flowered. 
Le Coq (quoted by Walton) after arranging Phanerogamous 
plants under four heads yellow, red, white and blue, observes 
that the yellow decreases considerably, red slightly, while 
the white are constant and the blue greatly increased. The 
flower beds at higher altitudes in the Himalaya as elsewhere 
show a mixture of colour yellow, red, blue, white, with inter- 
mediate tints, but in some cases there are almost pure beds 
of one colour belonging to one species covering large areas. 
In the Alaknanda Valley at about 12,000' to 13,000' there are 
beds consisting almost wholly of Potentilla eriocarpa or Po- 
tentiUa SihhaJdi (both yellow), the former with medium sized 
solitary flowers and the latter with clusters of small flowers, 
covering hundreds of yards at a place. Similarly in the 
upper Chhumbi Valley one finds small pure patches of Pri- 
mulas, especially a species with light yellow flowers (Fig. 
15). Whenever there is a mixture, the yellow seems to pre- 
dominate both as regards the number of individuals as well 
as the conspicuousness of colour. Eed and blue are both 
well represented, the former usually more so than the latter 
but the white is not so conspicuous. 

A few examples may be given showing the predominant 
species with their flower colour: — 

(A) Top of the Baralacha Pass (Lahul), 16,200', July 
and August, 1928: — 


1. 

Saxifraga sp. 

Yellow. 

2. 

Banunculus sp. 

... YeUow. 

3*. 

Sedum sp. 

... YeUow. 

4. 

Potentilla sp. 

... Yellow. 

5. 

Draha sp. 

... Yellow. 

6. 

Primula sp. 

Blue. 

7. 

Pedicularis sp. 

Eed. 

8. 

Crucifer 

YVhite. 

9. 

Caryophyllaeeous 

White. 

The first three give the characteristic colour to large areas. 

(B) Top of Shingon La (Zanskar) about 17,000', August. 
1928:— 

1. 

Corydalis sp. 

... YeUow. 

2. 

Gorydalis sp. 

... YeUow. 

s! 

Saxifraga sp. 

... YeUow. 

4. 

Pedicularis sp. 

... l^'etlow. 

5. 

Draha sp. 

... Yellow. 

6. 

Potentilla sp. 

. . . Y'ellow 

7. 

Gentiana sp. 

... Blue. 

8. 

Delphinium sp. 

... Blue. 
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9. 

Polygonum affine 

Red. 

10. 

Oxyria digyna 

Red. 

11. 

Epilohiwm sp. 

Fink, 

12. 

Composite 

White. 

Yellow was 

the pi’odominant colour. 



(G) Chakva-tiriith, ncm- the source of t.lie Ahiknaiida, 
(Garbwal), about 13,000' to 14,000', August, 1931: — 
1. Potontilla argyrophylla Yellow to scarlet 

with all the interme- 
diate stages, various 
shades of orange, etc. 


2. 

Potontilla Sibhaldi 

Yellow. 

8. 

Potontilla eriocarpa ... 

Yellow. 

4. 

Saxifrage flagellaris ... 

Y^ellow. 

5. 

Ranunculus hirtellus ... 

Yellow, 

6. 

Polygonum affine 

Red. 

7. 

Oxyria digyna 

Rod. 

8. 

Saxifrage Stracheyi ... 

Pink, 

nearly 

9. 

Sedum sp. 

Red. 

10. 

G eranium W alii c hia- 

num. 

Blue. 

11. 

Primula sp. 

Blue. 

12. 

Boraginaceous 

Purple. 


(Flowers 


Yellow colour \vas most predominant and red also (luito 
conspicuous. Poientilla afgijrophylla was particularly abun- 
dant in all the various shades from bright yellow through 
various grades of orange to brilliant red. 


(D) Head of Chhumbi Valley, a few miles before Phari, 


about 14,500', July to August, 

1930: — 

1. 

Ran-imoulus sp. 

Yellow. 

2. 

Primula sp. 

Ycillow. 

3. 

Corydalis sp. 

Yellow. 

4. 

Corydalis sp. 

lllue. 

5. 

Aster sp. 

nine. 

6, 

Labiate 

Blue. 

7. 

Poly go num v iv iparum 

Pink to red. 

8. 

Epilobium sp. 

Pink. 

9. 

Geranium rcfractum ... 

Pinlc to red. 

10. 

Pedicular is sp. 

Bed. 

11, 

Leonto podium alpinum 

White. 

12. 

Anaphalis sp. 

White. 

13. 

A few more yellow and white CompoBiiat'. 


The beds showed a mixture of the various colours. The 
predominant yellow colour was due to No. 1, red colour duo io 



( 9 ) 


Presidential Address, 


21 


Nos. 7, 8 and 9, and blue to Nos. 5 and 6. Some of them 
were found in pure beds. All the colours were about equally 
conspicuous. 

In Tibet there is practically never any massed colour effect. 
There are sometimes isolated patches of individual plants or 
of small clusters of plants showing a particular colour. Spe- 
cies of Oorydalis, Aconitum^ Sediim, Pedicular is, Meconopsis, 
etc., are examples. Ranunculus aquatilis with its white or 
cream flowers with a yellow centre, however, occurs in large 
patches in water and is the famous lotus of the holy lake 
Manasarowar. Arenaria musciformis, wherever found, 
forms conspicuous cushions, scattered over large areas, easily 
seen from a distance on account of its fairly large white flowers 
(Fig. 8). Similarly Astragalus melanosiacliijs with its blue 
flowers forms even more conspicuous tufts and covers even 
larger areas in Central Tibet. Stellcra Gliamaejasme is an- 
other conspicuous plant in some localities with its tufts of 
branches and peculiar coloured flowers which are white above 
(inside) and purple below (outside). As pointed out by the 
writer {Journ. Ind. Bat. 8oc., Vol. IX, No. 1930) the colour 
of the flower in this plant is not yellow as stated by so many 
authorities. The mistake has no doubt arisen owing to the 
fact that the flower becomes yellow on drying and even leaves 
a yellow stain on the mounting paper. 

Near water, however, the vegetation forms dense carpets 
and here again the yellow Ranunculus Oynibalariae is the com- 
monest plant. Potc?htilla anscrina (yellow) is also fairly com- 
mon and Polygonum sihiricum (pink) is abundant. Lancea 
tihetica with its purple flowers is met with here and there. 
Many other plants grow in smaller numbers. The predomi- 
nant colour, however, is again yellow. Over very large areas 
in Tibet we find only scattered tufts of grass or of some other 
flowering plant without any sign of any other colour but 
green or grey of tlie vegetative slioots. 

A curious feature in connection with the colour of flowers 
is the occurrence in some plants of very dark almost or quite 
black colour in Tibet. The flower of Clematis orientalis is 
usually described as yellow or purple, but very dark, almost 
black flowers are very common in Western and Central Tibet. 
In some places, Takiakot in Western Tibet (13,000') and near 
Khangma on the road to Gyantse in Central Tibet (about 
18,000') the writer found flowers of this colour only in all the 
plants. Yellow-flowered plants were met with at Tirthapuri 
in Western Tibet (14,800'). Similarly the glands on the in- 
volucre of Euphorbia tihetica which is abundantly met with 
in Ladak and Western Tibet are black. Black colour is ex- 
ceedingly unusual in plants and its occurrence in two Tibetan 
species is noteworthy. 
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A large nurnbei* of alpine plants in the lilasteni Himalayas 
have pendulous flowers directed downwards or at least ^hori- 
zontally. This is no doubt an adaptation against rain. Some 
of them though not actually pendulous at first become pendu- 
lous by the force of the rain drops. ^ This pJionomenon is 
shown conspicuously by many species of Prbn ula^ Polygonum ^ 
Geranium and Anemone (Fig. 5). In other cases the flowers 
close immediate^ on the approach of the moist weather. This 
is shown conspicuously by tl)e species of Anaphalis. Pendu- 
lous flowers are not so common in the Western Himalayas as 
they are on the Eastern side, apparently associated with a, lower 
rainfall. This phenomenon is well known in the European 
Alps also. 

Composition of alpine plants. 

Certain families are much better represented in alpine 
regions than others. Families like the Gompositae, Ijogumi- 
nosae and Gramineae would naturally include a large number 
of alpine plants on account of their large size, but tlie same 
cannot be said of others like the Primulacoae, Ouniianneeae 
and Polygonaeeae which have a disproportionately large share 
in alpine vegetation. Again, some genera like A,HtragaluH, O.cy- 
tropis, Arenaria, Draba, Poteniilla, Saussurea and Polygonum 
are very largely represented in the flora of the higher altitudes. 
This distribution would lead to the conclusion that a tendency 
towards adaptation to a cold and dry habitat is not due iiO 
haphazard variation in isolated species but is more dee])-seatBd 
in circles of wider affinity and becomes manifest during the 
course of evolution in all the branches of the evolving group — 
the genera of a family or the species of a genus. I mu afi’nid 
I cannot pause to follow this subject further. 

Alpine plants in the plains. 

Bonnier ’s experiments on the changes produced in ulpine 
plants when cultivated in the plains and vice versa arc well 
known. He has been able to show that in many plants 
from one locality when grown in the other tend to acciuiro 
the characters of the plants of the second locality. Bo far 
as I know no such experiments have been tried with Hima- 
layan plants. A number of seeds from the Western Hima- 
laya and Tibet were germinated by tlio writer at Lahore three 
years ago. Some of them died after a short time. Among 
those which have survived there is a species of Ephedra, 
apparently E. vulgaris. The seeds of this plant wore collect- 
ed in Zanskar at about 12,000' in August, 1928. They wore 
sown in October the same year and germinated readily after 
a fortnight and went on growing for a little more than a 
month. Then they became dormant till next February and 
resumed the growth towards the end of that month when 
winter was over. Winter is the resting season in Zanskar 
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anci the seedlings stuck to the habit of the parent plants in 
the first year. Since then, however, they have found that 
winter at Lahore is the more favourable season for growth 
and summer is the resting time. Growth is quite active in 
winter now and it stops during the hot months of summer 
— an undoubted adaptation to new conditions. The plants 
are still under observation and interesting results may be 
expected. 

Habit of Tibetan Plants. 

A good deal has already been said about this part of 
the subject by various writers. In my Presidential address 
to the Indian Botanical Society at Benares, published in 
the Journal of the Ind. Bot. 8oc., Vol. IV, Nos. 9 and 10, 
1925, I said something about the subject. The number of 
annuals in Tibet is very small just as their size is small owing 
to the short growing season, i.e., summer. The perennials 
have a long tap root and an un(derground woody root-stock 
which remains alive in winter while the aerial parts are 
killed. Another common feature is the small size of the 
leaves which are often thick or hairy. Some of the com- 
monest plants are spinous. As already stated the plants 
are met with scattered on the surface with large bare inter- 
vals between them except when the plants are growing on 
the banks of a stream or lake and sometimes when they are 
growing under stones getting sufficient protection against the 
desiccating effect of the dry cold winds. Several stolon- 
bearing plants are common in moist places both in Western 
and Central Tibet. They strike the eye on account of their 
long slender arms reaching out in all directions. Potentilla 
anscfina, Saxifraga flagcUaris and another undetermined spe- 
cies mot with at Dochen (14,700') in Central Tibet, 
are examples. The most characteristic feature, however, 
of the Tibetan vegetation which strikes the eye is the cushion 
habit of many of the species which in its less developed 
degree takes tlie form of tufts. In many cases the cushions 
are exceedingly compact so that from the outside there is 
hardly any trace of branches and even of leaves. There 
are of course intermediate grades between loose tufts 
and compact cushions. Among the latter may be mentioned 
Tliijlacospcrmwn ruyifragriim , Arenaria musoiformis, Andro- 
sace sp.. Astragalus sp., and Garagana pygmaea. Of these 
Thylaco sperm urn, Arenaria and Astragalus form the densest 
cushions. Androsacr is very compact when growing in the 
soil but when the plants are taken out of the soil the branches 
usually become loosened and the cushion breaks up. Among 
the tufted plants there are many species of Astragahis and 
Oxytropis, StelJcra Chamaejasme, Artemisia sp., Urtica 
liypcrborea and some species of Garagana, etc. Astragalus 
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melanostachijs Jind Vvtica lii/pevhorca iirti the eoiinnoiiest iiifttid 
plants in Central Tibet. 

The cushion habit is a very effieiont adaptation on the 
part of the plants against the intensely cold winds of the 
country. The conipact brandies and the small, oltcn minute, 
leaves are effectively protected in this way. Any projectiing 
branch would be killed in a very short time. annual 

growth naturally is very slight (Figs. 7-T-l). 

This cushion habit is also met with occasionally on Uie 
south side of the Hiinalaya (apart from the dry va-lleys 
mentioned before) but usually it is not so well develo])ed. 
In some cases this is not so much duo to the effect oi cold as 
to grazing by sheep and goats. The accompanying ])hoto- 
graph of a species of Fraxmus illustrates this. This species 
ordinarily is a tree with the usual tree liabit but owing 
excessive grazing when it grows on the roadside it forms a 
dense cushion and sometimes a part of it piay be able to grow 
into an erect branched tree whereas the rest of it forms a 
cushion lower down (Figs. 14 and 15). Perhaps the (Uishion 
habit in Tibet also, in some cases, may have someth ing to 
do with grazing by innumerable herds of yaks, sheep and 
goats, but there is no doubt that in the main it is an adapi-a- 
tion against the intensely dry cold winds. 

Another interesting j^roblem is the occurrence of small- 
leaved and markedly xerophilous plants at id. very broad-leaved 
plants side by side. This is the case in some parts of (Jcmtral 
Tibet where Astragalus mclanostachys is found growing sith^ 
by side with a broad leaved erect Scnecio and Vriica hyper^ 
borea (Fig. 16). Similarly the very broad-lcavod Senccio 
Ligularia grows in the open near Phari at 14,500'. Tlu‘. tall 
Rhemn nobile with its five feet or more of height and largo 
broad leaves and bracts grows side by side with SitusHurm 
gossypiphora, only a few inches above tlie ground and closely 
covered with a dense wool of hairs, on iho J(»lcpla and Na- 
thula in Sikkim above 14,000' (Figs. 17 and IH). Tli(‘ (‘xpla- 
nation probably lies in tlic fact that the hro}ul-lenv(‘<d si-tans 
exist only in summer and arc not presemt during i\n\ unfavour- 
able period of the year. It also illustrattis clearly what ha,H 
been demonstrated by Maximov and otliors tliat drought re- 
sistance does not depend on loaf surface or lilu‘. rai.e at wlutdi 
water is transpired and that it is more a property of tlu‘ pro- 
toplasm itself (The Journal of Ecology: VoI.‘ XIX, ])ag(‘. 
281, 1930). A wide field of researcli lies open in this dircud ioii 
in connection with the study of struct\tro of the various parts 
of alpine plants in relation to the environment. 

Maximum altitude for vegetation. 

Hemsley states that according to the figures given in 
his paper nearly half of the Tibetan species in our enurnera- 
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tion have been collected at 16,000' and upwards. Whether 
these hgures are very exact or not they go to prove that there 
is no altitudinal limit to dowering plants except perpetual 
snow,’ There can be no question about the truth of this 
conclusion. He has, however, recorded only six species which 
were known to occur above 18,000'. The Mount Everest 
Expedition has found plants at 20,000' or even higher. Mr. 
Wollaston of that expedition mentions species of Leonotopo- 
dium and grasses at 20,000' and Arenaria musciformis on 
20,100' (The Eeconnaissance, 1921). I collected no less than 
18 species between 18,500' and 18,600' on the Damala which 
was crossed during the circumambulation of the Holy Kailas 
Mountain and it is probable that more than 31 other species 
also could grow” at this altitude as these were found on the 
way to the Pass between 16,500' and 18,600'. The following 
is a list of the species met with on the Pass between 18,500' 
and 18,600'. 

1. PiantmcuJus pvlchell'us C. A. Mey. 

2. Eammcnhis lobatus Jacq. 

3. Drab a alpina L. 

4. Coclilearia soapiflora H.f. et T. 

5. Braya alpina Sternb. et Hoppe. 

6. Thylacospermwn rupifragum Schrenk. 

7. Arenaria musciformis Wall. 

8. Stellaria decumbens Edgw. var. pulvinata. 

9. Astragalus sp. (probably A. confertus Benth.)' 

10. Potcntilla fruticosa var. ochreata. 

11. Potcntilla nivca L. 

12. Sedum asiaticum. DC. var. Wallichianum, 

13. Scnccio {Ore mantJi odium) goringensis HemsL 

14. Saussurea stoUczhai Clarke. 

15. AUardia glabra DC. 

16. Lcontopodiwm alpinuui Cass. 

17. Ajidrosaoe Poissonii Knuth. 

18. Lloydia serotina Eeichb. 

and some grasses. 

Some facts of peculiar distribution. 

Although there is nothing unusual in what is described 
below in connection with the distribution of plants, a few 
cases of peculiar distribution of certain cushion plants are 
mentioned as interesting. Acantholimon lycopodioides forms 
large dense cushions and has spinous-tipped leaves. It is 
common in Ladak and Zanskar but was not met with beyond 
the Baralacha Pass towards the east. Thylacospernruw 


^ Two species were collected on the way to Damala, 16,500' to 18,600'. 
One of these is mentioned m my diary as occurring at the top. 
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rupifragrum is very common in Ladak and Western Tibet 
at about 15,000' and above. The Phirtse La Pass leading 
from the Lingti sumdo to Zanskar at some distance below 
the top, especially on the Lingti side, has numerous cushions 
of this plant scattered over a large area. This place shows 
the best development of the plant so far seen by the writer. 
The plant of course is common in other places in Western 
Tibet also, scattered about on the ground or growing among 
stones. The writer photographed a plant growing on the 
Damala Pass at 18,500' among stones. It can hardly be 
distinguished from the stones in the photograph. It be- 
comes scarce further east at 15,000' to 16,000' and below. 
Arenaria niusciformis is common both in Western and Cen- 
tral Tibet. Its dense cushions are met with scattered over 
large areas and the white flowers are very conspicuous from 
long distances as already mentioned above. This was one of 
the plants found on the top of the Damala at 18,600'. And^ 
rosace sp. are also very common in Western and Central Tibet. 
They require further examination for their full determina- 
tion. A very compact species of Astragalus has been seen 
only in Central Tibet. It has not been found possible to 
name it so far. Some of these cushion plants belonging to 
diflerent species grow not only side by side but actually into 
one another so that it is impossible to separate them without 
breaking the cushions. This is particularly true of species 
of Androsace and Arenaria musciformie (Fig. 10). 

Origin of the Tibetan Flora. 

Some jDeople have given Central Asia great importance 
in connection with the origin of the alpine plants. Arber 
states (Zoc. cit., page 305-306), ‘It has been urged that Cen- 
tral Asia was the origin of the Alpine Flora.’ Hemsley says, 
‘No arguments are required to prove that the Tibetan is a 
derived flora; that is to say, derived since the tertiary period; 
and its composition is so largely Himalayan that there can 
be little doubt as to its origin.’ This would seem to imply 
that Tibet was bare at some time when the Himalaya was 
covered with vegetation. The high altitude of Tibet makes 
this very improbable. The upheaval of the Himalp,ya and 
Tibet must have been simultaneous and the vegetation also 
must have developed simultaneously. Marquand very recently 
has remarked {loc. cit.) ‘ Material available now makes it quite 
clear that one homogeneous flora extends from Sikkim to 
Eastern Tibet and the whole of the Eastern Himalayas, South 
Eastern Tibet and Western Szechuen as "well as "the upper 
portions of Yunnan should be considered as one botanical 
area.’ Central Tibet is not sharply marked ofl from Eastern 
Tibet with its more luxuriant vegetation on the one hand and 
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from the higher and wilder Western Tibet with its scanty 
vegetation on the other. The latter possesses a much more 
rigorous climate but it cannot be said that the Flora of West- 
ern Tibet lias had a different origin. It possesses a smaller 
number of j^lants, more highly adapted to more unfavourable 
conditions than their eastern relatives- The flora of Western 
Tibet must naturally be poorer as fewer plants can be expect- 
ed to adapt themselves to extreme conditions. 

Considering all the data it would be more in accordance 
with facts to say that the floras of the Himalaya and Tibet 
and Western China have had a common origin and differ- 
entiation gradually took place as the Himalaya and the Ti- 
betan plateau gradually rose from the sea level to become 
the highest region in the world. 
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Plate 1. 



Fig. 1. — Vegetation at Kaljawar, Vishnuganga Valley, Garhwal, about 14,000'. 1931. 

Urtica hyperhorea in the foreground, Garagana pygmaea in the distance. 
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Plate 2, 



Fig. 2. — Bushes at Kalapani below Lipulekh Pass, Kumaon, about 12,000'. 1926. 

Mostly Juniper us sp. 




Fig. 3. — Tufts of grass in Chandra Valley, Lahul, about 14,000'. 1928. 
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Plate 4. 



Fig. 5 . — Primula sp. Head of Chhmnbi Valley, before Phari, 14,500'. 1930. 
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Plate 5. 
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Plate 6. 



19th LS.C. 


Plate 7. 









Fig. 12. — Clump vegetation in Central Tibet, 14,700'. 1930. 
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Plate 9. 



Fig. 13. — Caragana pygmaea. Bank of Manasarowar, Western Tibet, 16,000'. 



19th LS.C. 


Plate 10. 



Fig. 14.- — Fraxinus sp. Cushion formation due to excessive grazing. Vishnuganga Valley, about 12,000'. 1931. 
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PiAa:E 11. 



Fia. \t},—Fraxinus sj). Normal above, cushion below due to excessive grazing. Gedrus deodara. Truncated top 
due to cold winds at this altitude. Vishnuganga Valley, about 12,000'. 1931, 







Fig. 17 . — Samswrea gossypiphora. Two plants. Nathula, Sikkim, 14,700'. 1930. 
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Plate 12 


Fig. IQ. —Astragalics melanostachys (right) and Senecio sp. (left). Central Tibet, 

about 14,000'. 1930. 
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Plate 13. 



Fig. is. — Rheum nobile. Nathula, Sikkim, 14,700'. 1930. 



APPENDIX. 


List of plakts in the HEEBAfiiuM of the Botaxt Depaetment, 
Govebnment College, Lahobe, collected by Peofessob 
S. E. Kashyap beyond the main Himalayan eange. 

The plants given in the following list have been collected during 
the last 12 years at various places beyound the Himalaya. The country 
includes Western and Central Tibet proper as well as Spiti, Zanskar, 
Eupshu, and Ladak proper, which are not a part of Tibet in the poli- 
tical sense but are similar to it geographically. The climate as well as 
the people are similar to those in Tibet proper. 

Collections in Tibet have been made by many travellers during the 
last SO years or so and in 1902 Hemsley gave a very comprehensive 
account of the flora of Tibet or High Asia based on these collections 
{Joiirn, Linn. Soc.^ Yol. XXXY, 1902). Since then Marquand has 
added a considerable number to the list from Eastern Tibet from the 
collections made by Kingdom Ward {Journ. Linn. Soc.^ Vol. XL VIII, 
1928). Similarly Ostenfeld and Paulsen have published the determina- 
tions of specimens collected by Sven Hedin (Sven Hediu : Southern 
Tibet, Vol. 6, 1921). A very full list of the flora of Ladak has been 
given by Stewart in the Bulletin of the Torrey Botanical Club, Vol. 43, 
1916 and 1917. The present list includes a large number of plants 
not given in any of the papers mentioned above from this region. 

Many of the specimens collected have been determined by the 
writer himself and practically all of them have been compared at the 
Herbarium of the Eoyal Botanic Garden, Calcutta, by Pt. Amar Chand 
Joshi, M.Sc., lately Demonstrator of Botany, Punjab University, Lahore, 
and at present Assistant Professor of Botany at the Benares Hindu 
University. A few* from the neighbourhood of the Baralacha Pass 
collected in 1919 were determined at the Eoyal Botanic Gardens, Kew, 
and the thanks of the writer are due to the authorities there for the 
kindness. 

A few words may be said regarding the route followed during the 
various years in the different parts of Tibet. The journeys described 
below were made during the months of June, July, and August, mostly 
during July and August, of the various years. 

The writer crossed the main Himalaya for the first time in 1919. 
He started from Chamba and crossed the Sach Pass into Pangi, went 
up the Chanderbhaga through Lahul up to Kyelang and thence up 
the Bhaga to its source at the Baralacha Pass, 16,200 ft. in alti- 
tude, and then went about 2 stages beyond to the Lingti plain. 
The collection of plants that year was badly damaged as one of the 
pack ponies was almost drowned in the ‘ Suan ’ stream near Una on the 
way back. ‘ The packet of plants was thrown into the water and was rescued 
with considerable difficulty. Most of these plants were determined at the 
Eoyal Botanic Gardens, Kew, as already stated. On the way back 
he returned through Kulu, crossing the Eotang Pass. 

In 1920, he agam started from Chamba, crossed the Kugti Pass mto 
Lahul and thence again crossing the Baralacha Pass passed through Eup- 
shu and Ladak and crossing the ZojiLa Pass came out into the Kashmir 
Valley. During this journey he was accompanied by Dr. B. Sahni, now 
Professor of Botany at the Lucknow University, and part of the collec- 
tion from Ladak was made by him. 

In 1922, accompanied by 4 members of the staff of the Khalsa College, 
Amritsar, he started from Almora and going up the Kali through Bians 
crossed the Lipulekh Pass, 16,780 ft., into Western Tibet proper. After 



30 


Nineteenth Indian Science Congress. 


( 18 ) 


visiting the holy lakes, Manasarowar and Rakastal, and going round 
the holy mountain Kailas, the party travelled westwards to Gyanima 
and thence to the large monastery at Tholing,*l!2,*200 ft. above the sea 
on the banks of the Sutlej, From there the party crossed the Maua Pass, 
17,890 ft. above the sea level, back to India, coming out at Badrinath, 
the famous place of Hindu pilgrimage. 

In 1923, he started from Simla and went along the Hindustan- 
Tibet Eoad up the Sutlej and crossed the boundary into Tibet just 
before Shipki and went for a short distance beyond. On the way back 
some unfrequented lateral ridges were crossed, finally reaching Rampur, 
the capital of the Bashahr State and crossing the ridge into the Tons 
Valley reached Chakra ta. 

In 1926, he again visited Western Tibet and a very large part of 
the collection from Western Tibet in the Herbarium was made durmg 
this journey. This journey was financed by the Punjab University for 
which the thanks of the waiter are due to the University. The start 
was made again from Almora but this time the writer went through 
the Darma Valley and near its upper end crossed the doling Kang Pass 
into the Kali Valley reaching the village of Kuti. From there he went 
down the stream a short distance until the path met the road followed 
in 19*22 through Bians and thence up to the Lipulekh Pass and beyond. 
The Manasarowar and Kailas region was again visited and from there 
he went westwards again, this time visiting the unfrequented monasteries 
at Dulchu and Tirthapuri. From the latter place he vent to Gyanima 
and thence returned to India by the Kungri Bingri Pass, 18,300 ft. high, 
coming out at Milam, 11,160 ft., in Johar. During these days Mr. H. 
Euttledge, I.C.S., then Collector of Almora, was on an official visit to 
W'estern Tibet and his party and the writer travelled together for many 
days. They crossed the Lipulekh Pass together and 'were together during 
the visit to Rakastal and Manasarowar and the circumambulation of the 
Kailas Mountain. From Darchin at the foot of the Kailas Mr. Ruttledge 
and his party went straight to Gyanima while the writer as stated above 
visited Dulchu and Tirthapuri and then returned to Gyanima by a different 
route. From Gyanima to Milam they were also together.^ 

In 19*28, the writer -v^as accompanied by a few students of the 
Botany Department of the Lahore Government College and the route 
of 1919 was followed up to the Baralacha Pass. From here the party 
went down the Chander, which is the second branch of the Chanderbhaga, 
to the Lake Chanderdal, and thence crossed the Manh Pass into Spiti, 
reachmg Losar, the first village in this isolated territory. On the way 
back they again passed by the Baralacha Pass to the Lingti Plain 
and thence crossed the Phirtse la, about 17,000 ft., into Zanskar. After 
spendmg a few days there they came out again into Lahul via the 
Shingon la. 

In 19*29, the starting point was Darjeeling and for the first few 
stages the writer was accompanied by his advanced Botany students 


^ Mr. Ruttledge, speaking of the march from Gyanima to Ihe Kuiigri- 
bmgri Pass, writes (The Geographical Journal : Vol. LXXI, 19*28, page 
438) : ‘ Here, as everywhere else on these plains, almost the only vegeta- 
tion seen, apart from the occasional grass, was the cushioii-like Garagana 
pijgmaea, for which name I am indebted to my friend Eai Shiv Ram 
Kashyap Sahib, Professor of Botany at the Government College, Lahore, 
an mdefatigable traveller who accompanied ns all the way from the Lipu.’ 
This statement requires a slight modification. From ihe Lipulekh Pass 
we were together up to the foot of the Kailas and during the ‘ parikarma ’ 
round it, but I left the party at Darchan at the foot of the holy mountain 
on the *26th August and went alone to Dulchu and Tirthapuri and met them 
again five days later at Gyanima to which place they had proceeded by a 
direct and shorter route, followed by the writer in 19*22. 
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as had been usually the case in former years also. Passing through 
Gangtok, the capital of t:?ikkiin, he crossed the -Jelepla, 14,390 ft., into 
the Chhumbi Valley and crossing the Tangla Pass at its head, 15,200 ft., 
followed the route to Gyantse. Chhumbi Valley is on the south side of the 
Himalaya but is politically under Tibet and the country beyond Phari, 
the last Tillage in this Valley, is designated in this paper as Central 
Tibet. On the way back the same route was followed but fiom the 
Chhumbi Valley the route to Gangtok crossing the Nathula, 14,750 tt., 
was taken. 

In 1930, the start was again made from Darjeeling and after 
passing through Sikkim to the Chhumbi Valley, via the Nathula, Gyantse 
was again reached. On the way back in Sikkim a part of the Lachen 
Valley was visited. 

The plants collected from Pangi, Lahul, the Sutlej Valley along the 
Hindustau-Tibet Road up to the Tibetan Frontier and the Chhumbi Valley 
are not included in this list. A list of Lahul plants will be found in a paper 
by Aitchison in the Journal of the Linnean Society, London, Vol. 10, 
No. 42, 1868. 

In 1931, the writer visited the upper valleys m Garhwal near the 
source of the Ganges, i.e., the Valleys oi the Alaknanda and the Vishnu- 
ganga and just crossed the Hoti Pass, about 17,000 ft., at the head 
of the Niti or Vishnuganga Valley, into Tibet, but since no plants were 
collected in Tibet itself and the tw'o valleys mentioned above are ou 
the south of the Himalayas, the plants collected in these valleys also are 
not mentioned in the list. 

A reference to the collection of plants given here will also be found 
in the accompanying Presidential Address by the writer to the Indian 
Science Congress held at Bangalore in January, 1932, and also some notes 
on the geography of Western Tibet are contained in the writer’s paper on 
‘ Some geographical observations in Western Tibet ’ published in the 
Journal and Proceedings of the Afnatic Society of Bengal {New Senes), 
Vol. XXV, 1929. No. 1, issued 11th March, 1930. 

Ranuxcul \cear. 

Clematis orientalis, L. 

Ladak, 1920; Taklakot, 13.000 ft.. W'. Tibet, July, 1926, flowers 
almost black; Tirthapuri, 14,500 ft., W\ Tibet, July, 1926, flowers 
yellow. 

Clematis orientalis, L. var. acutifolia. 

Samada, 14,100 ft., C. Tibet, 27th July, 1929. 

Thalictrum rutaefoliam, H,f. and T, 

Tirthapuri, 14,500 ft., W, Tibet, July, 1926. 

Thalictrum saniculaeforme, DC, 

Ladak, 1920. 

Thalictrum foetidum, L. 

Ladak, 1920; Losar (Spiti) to Chandradal i Lahul), 14,000 ft., 
Spiti, 16tb Aug., 1928. 

Ranunculus aquatilis, L. 

Manasarowar, 15,000 ft,, W’. Tibet, July, 1926; below Dulchu, 15,000 
ft,, W. Tibet, July, 1926; Tirthapuri to Dulchu, 14,500-15,000 ft., W'. 
Tibet, July, 1926; Tirthapuri, 14,500 ft., W\ Tibet, July, 1926; Hala, 
14,600 ft., C. Tibet, July, 1929; Tuna, 14,700 ft., C. Tibet, July, 1930. 

Ranunculus Cymbalariae, Pnrsh, 

Ladak, 1920; Liiigti plain, 14,000 ft., Rupshu, Aug., 1928; Camp 
to Losar. 14,000 ft., Spiti, 14th Aug., 1928: Taklakot, 13,000 ft., W. 
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Tibet, July, 1926; Barkha plain, 15,000 ft., W. Tibet, July, 1926; 
Tirthapuri, 14,500 ft., \\\ Tibet, July, 1926; Pala, about 14,000 ft., W. 
Tibet, 5th July, 1926; Way to G-yantse, C. Tibet, July, 1929; Kala, 
14,600 ft., C. Tibet, July, 1929; Tuna, 14,700 ft., C. Tibet, July, 1930. 

Ranunculus pulchellus. C. A, Mey. 

I to II Camp of Kailas Round, 16,500-18,600 ft., W. Tibet, July, 
1926; Gaurikund, lS,o0O ft., Kailas Round, W. Tibet, July, 1926; Spiti, 
14,000 ft., Aug., 1928; Tuna, 14,700 ft., C. Tibet, July, 1930 

Ranunculus lobatus, Jacq. 

Gaurikund, 18,500 ft., Kailas Round, W. Tibet, July, 1926; Tuna. 
14,700 ft., C. Tibet, July, 1930. 

Ranunculus hyperbopcus, Rotlb. 

Tuna, 14,700 ft., C. Tibet, Aug., 1930. 

Ranunculus afiinis, Br. 

Tuna, 14,700 ft., C. Tibet, Aug., 1930. 

Ranunculus hirtellus, Boyle, 

Baralacha Pass, 16,000 ft., Rupshu, Aug., 1928. 

Isopyrum grandiflorum, Fisch. 

Ladak, 1920. 

Aquilegia Tulgaris, L. 

Ladak, 1920; Losar (Spiti) to Chandradal (Lahul), 14,000 ft., Spiti, 
16th Aug., 1928. 

Delphinium caeruleum, Jacq, 

Tirthapuri, 14,500 ft., W. Tibet, July, 1926; Camp to Gaurikund, 
16,500-18,600 ft., Kailas Round, W. Tibet, July, 1926; Khangma, 13,900 
ft., C. Tibet, 28th July, 1929. 

Delphinium Cashmirianum, Royle. 

Camp to Losar, 15,000 ft., Spiti 14th Aug., 1928. 

Delphinium Brunonianum, Royle, 

Common in Chandra Valley, Lahul; Lingti, Rupshu; Bhiiigon la, 
Zanskar, about 15,000 ft., Aug., 1928. 

Aconitum Heterophyllum, Wall. 

Ladak, 1920. 

Aconitum chasmanthum, Stapf. 

Samada, 14,100 ft., C. Tibet, July, 1929. 

Aconitum gymnandrum, Max. 

Khangma, 13,900 ft., C. Tibet, July, 1929; Gyantse, 13,100 ft., 
C. Tibet, July, 1930. 


Berberideae. 


Berberis umbellata, Wall. 

Red Image Gorge, about 14,000 ft., C. Tibet, July, 1930; Saugong, 
13,400 ft.. C. Tibet, July, 1930. 

Papaveraceae. 

Meconopsis horridula, H.f. and T. 

Locheu, 14,700 ft., C. Tibet, July, 1930. 
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Heconopsis aculeaia, Royle. 

Kmlung, 14,500 ft., Eiipshu, 1919; Kmlung to Sarchu, 14,500 ft., 
Bupshu, ‘20th Aug., 1928. 

Cathcartia villosa, H.f. 

Kala, 14,600 ft., C. Tibet, July, 1929. 

Hypecoum leptocarpum, H.f. and T. 

Ladak. 1920; I to II Camp of Kailas Bound, 16,500-18,600 ft,, W. 
Tibet, July, 19*26; G-yantse Boad, C. Tibet, Aug., 19*29. 

Corydalis elegans, Wall. 

Boad to Losar, 14,000 ft., Spiti, 14tb Aug.. 19*28. 

Corydalis tibetica, H.f. and T. 

Khangma, 13,9(X) ft., C. Tibet. •28tb July, 1929. 

Corydalis Moorcroftiana, Wall. 

I to II Camp of Kailas Bound, 16,500-18,600 ft., W. Tibet, July, 
1926; Darcban, about 16,000 ft., W. Tibet, July, 1926. 

Corydalis stricta, Stephan. 

Tirtbapuri, 14,500 ft., W. Tibet, July, 19*26. 

Corydalis meifolia, Wall. 

Beyond Baralacha Pass, 15,500 ft., Bupsbu, August, 19*28. 

Corydalis fiabellata, Edgew. 

Ladak, 1920. 

Corydalis crassifolia, Royle. 

Ladak, 19*20. 

Corydalis Hookeri, Ptain. 

Camp to Losar, 14,000 ft., Spiti, 14tb Aug.. 19*28. 

Corydalis Hendersonil, Hems. 

Ladak, 19*20. 

Corydalis Duthiei, Max. 

Dulcbu to Tirtbapuri, 15,000-14,500 ft., W. Tibet, July, 1926. 

CRIICIFER.AE. 

Matthiola odoratissima, Br. 

Ladak, 19*20. 

Cheiranthus himalayensis, Camh. 

Ladak, 1920. 

Cheiranthus Stewartii, T. 

Baralacha Pass, 16,000 ft., Bupsbu, 19tb Aug., 19*28. 

Arabis tibetica, H.f. and T. 

Taklakot, 13,000 ft., W. Tibet, July, 19*26; Pala, about 14,000 ft., 
"W. Tibet, July, 19*26; Spiti Camp to Losar, 14.000 ft., Aug., 19*28. 

Draba glacialis, Adam. 

Kinlung to Sarchu, 14,500 ft.. Bupsbu, *20tb Aug., 19*28. 

Draba alpina, Lmn. 

Baralacha Pass. 16,000 ft., Bupsbu. 19tb Aug., 19*28; Kmlung, 15,000 
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fr., Eupsliu, JuiT, 1919: Gaiirikund, 18,500 it., Kaila& Eound, \Y. Tibet, 
July, 19‘26: I to* II Camp of Kailas Eound, 16,500-18,600 ft., \Y. Tibet, 
July,' 1926. 

Draba lasiophylla, Royle. 

Ladak, 1920: Manasarowar, 15,000 ft., \\ . Tibet, 1922; Jiii (Mana- 
sarowar), 15,000 ft., W. Tibet, July, 1926; Eakastal, 15,000 ft., YT. 
Tibet, July. 1926; Tirtbapnri, 14,500 ft., W. Tibet, 1926. 

Draba fiadnitzensis, Wulf. 

I to II Camp of Kailas Eound, 16,500-18,600 ft., ^Y. Tibet, July, 
1926. 

Draba setosa, Royle. 

Kmluiig to Sarchii, 14,500 ft., Rupshu, 20th Aug., 1928; Kmlung, 
15,000 ft., Rupshu, July, 1919; Baralacha Pass both sides, 16,000 ft., 
Eupshu, Aug., 1928; Spiti, 14,000 ft., Aug., 1928; Camp to Losar, 15,000 
ft., Spiti, 14th Aug., 1928. 

Draba setosa, Royle. var. stylosa. 

Baralacha Pass. 16,000 ft., Eupshu, Aug., 1928. 

Draba cachemirica, Gandoyer. 

Dulchu to Tirthapuri, 15,000-14,500 ft., \Y. Tibet, July, 1926 

Gochlearia himalaica, H.f. and T. 

Kmlung, 15,000 ft., Rupshu, 20th Aug., 1928; Kiniung to Sarchu, 
14,500 ft., Eupshu, 20th Aug., 1928; Tuna, 14,700 ft., C. Tibet, Aug., 
1930. 

Gochlearia scapiflora, H.f. and T. 

Gaurikund, 18,500 ft., Kailas Eound, W. Tibet, July, 1926; I to 11 
Camp of Kailas Eound, 16,500-18,600 ft.. W. Tibet, July, 1926; Gyaiitse 
Hoad, C. Tibet, July, 1930. 

Malcolmia africana, R. Br. 

Ladak, 1920. 

Sisymbrium rupestre, Edyeic. 

Ladak, 1920. 

Sisymbrium humile, C. A. Mey. 

Tirthapuri, 14,500 ft,, W. Tibet, July, 1926; Manasarowar, 15,000 
ft., Y’. Tibet, 1922. 

Sisymbrium Sophia, Linn. 

Ladak, 1920. 

Sisymbrium Golumnae, Jacq. 

Taklakot, 13,000 ft., Y^. Tibet, July, 1926. 

Ghristolea crassifolia, Camhess. 

Ladak, 1920; Taklakot, 13,000 ft., W. Tibet, July, 1926; Tirthapuri, 
14,500 ft., YT. Tibet, July, 1926; Pala, about 14,000 ft., W. Tibet, July, 
1926, Manasarowar, 15,000 ft., Y^. Tibet, 1922. 

Braya alpina, Stemh. and Hoppe. 

Gaurikund, 18,500 ft., Kailas Bound, Y’. Tibet, July, 1926 

Braya tibctica, H.f. and T. 

Ladak, 1920; Kiniung, 14,500 ft., Eupshu, July, 1919; Baralacha 
Pass, 16,000 ft., Eupshu, Aug., 1928. 
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Gapsella Thomsoni, H.f. 

I to II Camp of Kailas Round, 16,500-18,600 ft., \V. Tibet, July, 
1926. 

Lepidium latifoiium, Lmn. var. platycarpum. 

Ladak, 1920. 

Lepidium ruderale, Lmn. 

Ladak, 1920; Taklakot, 13,000 ft., W. Tibet, July, 1926. 

Dilophia salsa, Thoms. 

Ladak, 1920; Lingti plains, 14,000 ft., Rupshu, 2l5t Aug., 1928. 
Tauscheria lasiocarpa, DC. 

Spiti, 14,000 ft., Aug., 1928. 

Ghorispora Sabulosa, Camh. 

Kmluiig, 15,000 ft., Riij)shu, July, 1919; Rungung, 14,000 ft., W. 
Tibet, Julv, 1926; Camp to Gaiirikund, 16,500-18,600 ft., Kailas Round, 
W. Tibet,' July, 1926. 

ViOLACEAE. 


Viola Kunawarensis, Royle. 

Tirthapuri to Dulchii. 14,500-15,000 ft,, W. Tibet, July, 1926; 
Tirthapuri, 14,500 ft.. W. Tibet, July, 1926. 


CARYOPHtLLEAE. 

Dianthus anatolicus, Boiss. 

Kinlung. 15,000 ft., Rupshu, July, 1919; Lmgti plains, 14,CMX) ft., 
Rupshu, 14th Aug., 1928. 

Dianthus angulatus, Royle. 

Ladak, 1920. 

Silene Moopcroftiana, Wall. 

Ladak, 1920; Kinlung, 15,000 ft., Rupshu, July, 1919; Tirthapuri, 
14,500 ft., W. Tibet, July, 1926. 

Silene caespitella, Williams. 

I to II Camp of Kailas Round, 16,500-18,600 ft., W. Tibet, July, 
1926; Camp to Losar, 14,000 ft., Spiti, i4th Aug.. 1928. 

Silene, sp. 

Ladak , 1920. 

Lychnis apetala, Linn 

Ladak, 1920. 

Gerastium trigynum, L. 

Baralacha Pass, 16,CKX) ft., Rupshu, 19th Aug., 1928; Camp to Losar, 
14,000 ft., Spiti, 14th Aug., 1928. 

Stellaria graminea, Linn. 

Kinlung, 15,000 ft., Rupshu, Julv, 1919; I to II Camp of Kailas 
Round, 16,500-18,600 ft., \Y. Tibet, July, 1926. 

Stellaria decumbens, Edgew. 

Kinlung, 15,000 ft., Rupshu, July, 1919: Kinlung to Sarcbu, 14,500 
ft., Rupshu, 20th Aug., 1928: Baralacha Pass, 16,000 ft., Rupshu, July, 
1928. 
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Stellaria decumbens, Edgeiv. var. pulvinata. 

Gaurikund, 18,500 ft., Kailas Hound, \V. Tibet, July, 1926. 

Arenarla foliosa, Boyle. 

Ladak, 1920. 

Arenaria festucoides, benth. 

Manasaro^var region, 15,000 ft., W. Tibet, July, 1926. 

Arenaria musciformis, Wall. 

Ladak, 1920; Barkha, 15,000 ft., W. Tibet, July, 1922; Pala, about ’ 
14,000 ft., W. Tibet, July, 1926; Damala, 18,600 ft., Kailas Bound, W. 
Tibet, July, 1926; !Manasarowar, 15,000 ft., W. Tibet, July, 1926; Samada, 
14,100 ft., C. Tibet, July, 1929; Dochen, 14,700 ft., C. Tibet, July, 1929. 

Arenana holosteoides, Camh. 

Taklakot, 13,000 ft., W. Tibet, July, 1926. 

Thylacospermum rupifragrum, Schrenk. 

Ladak, 1920; Common m Zanskar and Rupshu, 15,000-16,000 ft.; 
Oaurikund, 18,500 ft., Kailas Round, W. Tibet, July, 1926; Lachalung 
Pass, 16,500 ft., Ladak, 1920; near Phirtsela, 15,000 ft., Aug., 1928; 
Manasarowar, 15,000 ft., W. Tibet, July, 1926. 

Polycarpaea corymbosa, Lamk. 

Kinlung, 15,000 ft., Rupshu, July, 1919. 


T.4MABISCINBAE. 

Myricaria germanica, Desv. var. prostrata. 

Kinlung, 15,000 ft., Rupshu, July, 1919; W. Tibet, 1922; I to II 
Camp of Kailas Round, 16,500-18,600 ft., W. Tibet, July, 1926; Dulchu 
to Tirthapun, 15,000-14,500 ft., W. Tibet, July, 1926; Zanskar, Aug., 
1928. 

Myricaria elegans, Boyle. 

W. Tibet. 

Malvaceae, 

Hibiscus Trionum, L. 

Ladak, 1920. 

Lineae. 

Linum perenne, Lmn. 

Saiigong, 13,400 ft., C. Tibet, July, 1930. 

Linum usitatissimum, Linn. 

Ladak, 1920. 

Geeaniaceae. 

Biebersteinia eraodi, Jaub and Spach. 

Kmlimg, 15,000 ft., Rupshu, July, 1919 and 2Uth Aug., 1928. 
Geranium pratense, Lmn. 

Kinlung, 15,CM}0 ft., Rupshu, July, 1919. 

Geranium collinum, Stcph. 

Ladak, 1920; Camp to Losar, 14,000 ft., Spiti, 14th Aug., 1928. 
Geranium 'ysfallichianum, Su\ 

Camp to Losar, 14,000 ft., Spiti, 14th Aug.. 1928. 
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Geranium Grevilleanum, T?aZZ. 

Ladak, 1920. 

Kutaceae. 

Peganum Harmala, Linn. 

Ladak, 1920. 

Legumixosae. 

Thermopsis inflata, Camh. 

Eakastal, 15,000 ft., W. Tibet, July, 1926; above Dochen (Dug la) 

16.000 ft., C. Tibet, July, 1930; Kala,'^ 14,600 ft.. C. Tibet, 26th July, 
1929. 

Garagana pygmaea, DC. 

Ladak, 1920; Kinlung, 15,000 ft., Rupshu, July, 1919; Lingti plain, 

14.000 ft., Rupshu, Aug., 1928; W. Tibet, 192*2; Rungung, 14,000 ft., 
W. Tibet, July, 1926. 

Garagana crassic^uliSy Be nth. 

I to II Camp of Kailas Round, 16 .500-18 ,6(X) ft., W. Tibet, July, 
1926. 

Garagana cuneata, Baker. 

Ladak, 1920. 

Garagana spinosa, DC. var. tibeiica. 

Samada, 14,100 ft., C. Tibet, July, 1930. 

Garagana, sp. 

Gyantse, C. Tibet, Aug., 1930. 

Astragalus Heydei, Baker. 

Way to Tirthapuri, about 14,500 ft., W. Tibet, July, 1926; Tirtha- 
puri, 14,500 ft., W. Tibet, July, 1926; Camp to Gaurikund, 16,500-18,600 
ft., Kailas Round, W. Tibet, 1926. 

Astragalus tribulifolius, Benth. 

Manasarowar, 15,000 ft., W. Tibet, July, 1926; Rungung, 14,000 ft., 
W. Tibet, July, 1926; Dulchu to Tirthapuri, 15,000-14,500 ft., W. Tibet, 
July, 1926. 

Astragalus confertus, Benih. 

I to n Camp of Kailas Round, 16,500-18,600 ft., W. Tibet, July, 
1926; Rungung, 14,000 ft., W. Tibet, July, 1926. 

Astragalus strictus, Grab. 

Taklakot, 13,000 ft., W. Tibet, .July, 1926. 

Astragalus melanostachys, Benth. 

Dochen, 14,700 ft., C. Tibet, July, 1929; Gyantse Road, C. Tibet, 
July, 19*29; Gyantse Road, C. Tibet, July, 1930; very common in Central 
Tibet on the Phari Gyantse road. 

Astragalus Munroi, Benth. 

Ladak, 19*20. 

Astragalus acaulis, Baker. 

Kinlung to Sarchu, 14,500 ft., Rupshu, 19*28; Camp to Losar, 14,000 
ft., Spiti. 14th Aug., 19*28; Gyantse Road, C. Tibet, Aug., 1930. 

Astragalus malacophyllus, Benth. 

W. Tibet, July, 1926. 
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Astragalus niYalis, Kar and Kir. 

Ladak, 1920; Camp to Losar, 14,000 ft., Spiti, 14th Ang., 1928. 

Astragalus, sp. 

Gyantse Road, near Gochen, 14,700 ft,, C. Tibet, July, 1930. Kala 
14,600 ft., C. Tibet, July, 1930. Forms very dense cushions. 

Oxytropis lapponica, Gaud. var. Jacquemontiana. 

Lingti Plain, 14,000 ft., Rupshu, 21st Aug., 1928; I to II Camp of 
Kailas Round, 16,500-18,600 ft.. W. Tibet, July, 1926. 

Oxytropis glacialis, Beufh. 

Kinlung to Sarchn, 14.500 ft., Rupshii, 20th Aug.. 1928; Kinlung, 
15,000 ft., Ruoshu, Jiilv, 1919; Baralacha Pass, 16.000 ft., Rupshu. 19th 
Aug., 1928; Taklakot,' 13,000 ft., W. Tibet, July, 1926; Tirthapuri, 
14,500 ft., W. Tibet, July, 1926; Camp to Losar, 14.000 ft., Rpiti, 14th 
Aug., 1928; Dochen, 14,700 ft., C. Tibet, 7th Aug., 1930. 

Oxytropis mollis, Royle. 

Ladak, 1920; Baralacha Pass, 16,000 ft., Rupshu, 19th Aug., 1928; 
Kinlung to Sarchn. 14,500 ft., Rupshu, 20th Aug., 1928; Tirthapuri. 14,500 
ft., Tibet, July, 1926; Dulchu to Tirthapuri, 15.000-14,500 ft., W. 
Tibet, July, 1926; Camp to Losar, 14,000 ft., Spiti. 14th Aug.. 1928. 

Oxytropis Thomson!, Benth. 

Khangma, 13,900 ft., C. Tibet, July. 1930; Gyantse Road, C. Tibet, 
Aug., 1930. 

Oxytropis tataricsa, Camh. 

I to n Camp of Kailas Round, 16,500-18,600 ft., W. Tibet, July, 
1926, 

Oxytropis microphylla, DC. 

Ladak, 1920; Manasarowar, 15,000 ft., Tibet, July. 1926; Takla- 
kot, 13,000 ft,, W. Tibet, July, 1926; Rakastal, 15,000 ‘ft., W. Tibet, 
July, 1926; Dulchu to Tirthapuri, 15,000-14,500 ft., W. Tibet, July, 
1926; Tirthapuri, 14,500 ft., W. Tibet, July, 1926; Rungung, 14,000 ft., 
W. Tibet, July, 1926; Dochen, 14,700 ft., C. Tibet, July, 1929. 

Oxytropis diffusa, Led. 

Ladak, 1920. 

Oxytropis hystrix, C. .4. May. 

Ladak, 1920. 

Oxytropis complicata, Prain. 

Taklakot, 13,000 ft., W. Tibet, July, 1926. 

Oxytropis sericopetala, Pram. 

Tuna, 14,700 ft., C. Tibet, Julv, 1929; Rakastal, 15,000 ft., W. 
Tibet, July, 1926; Darchan, 15,000 ft., W. Tibet, July, 1926. 

Stracheya tibctica, Benth. 

Barkha Plain, 15,000 ft., W. Tibet, Julv, 1926; Dulchu to Tirthapuri, 
15,000-14.500 ft., W. Tibet, July, 1926; Tirthapuri, 14,500 ft., W. 
Tibet, July, 1926; Gyantse Road, C. Tibet. July. 1929 and 1930. 

Cicer soongaricum, Sfeph. 

Ladak, 1920; Camp to Losar, 14,000 ft,', Spiti, 14th Aug., 1928. 

Pisum arvense, L. 

Taklakot, 13,000 ft., W. Tibet, July, 1926; Losar, 13,000 ft., Spiti, 
Aug., 1928; Gyantse Road, C. Tibet, Aug.. 1930. 
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Sophora Moorcroftiana, Benth, 

Ehangma, 13,900 ft., C. Tibet, Julv, 1930; Kala. 14,60C» ft., C. 
Tibet. Seth July, 1929. 

Eosaceae, 

Potentiila Sibbaldi, Haller. 

Gyantse Eoad. C. Tibet, July, 1930. 

Potentilla fruticosa, Lmn. var pumila. 

Xinluiig, 15,000 ft., Enpshu, Jnlv, 1919; Spiti, near Losar, 14,1)00 
ft., Aug., 1928. 

Potentilla fputicosa, Lnm. var. ochreata. 

Gauriknnd, 18,500 ft. Kailas Hound, W. Tibet, -Tulv, 1926; Tirtha- 
puri, 14.500 ft., W'. Tibet, July. 1926. 

Potentilla fulgens, Wall. 

Gyantse. 13,000 ft., C. Tibet, 22nd July, 1929. 

Potentilla anserina, Linn. 

Taklakot, 13,000 ft., IV. Tibet, July, 1926; Rimgung, 14,000 ft., W. 
Tibet, July, 1926; Barkha Plain, 15,000 ft., V. Tibet, July, 1926; Gyantse 
Eoad. C. Tibet, Aug., 1930. 

Potentilla Leschenaultiana, Set. var. bannehalensis. 

Camp to Losar, 15,000 ft., Spiti, Aug., 1928. 

Potentilla Griffithii, H.f. 

Gyantse Road, 0. Tibet, Aug., 1930. 

Potentilla peduncularis, Don. 

Gvantse Road. C. Tibet, Aug.. 1930; Gvantse, 13,000 ft., C. Tibet, 
July, 1929. 

Potentilla bifurca, Linn. 

Ladak. 1920: Kinlung, 15,000 ft., Rupshu, Aug., 1928; Manasarowar, 
15,000 ft., W. Tibet, 1922; I to II Camp of Kailas Round, 16,500-18,600 
ft., V'. Tibet, Jul%, 1926; Jiii, 15,000 ft., W. Tibet, July, 1926; Camp 
to Losar, 14,000 ft., Spiti, Aug., 1928; Gyantse 13,000 R., C. Tibet, 
July, 1929; Gyantse Road, C. Tibet, July, 1930. 

Potentilla multifida, Linn. 

Baralacha Pass, 16,000 ft., Rupshu, Aug., 1928; Taklakot, 13,000 
ft., W. Tibet, July, 1926; Rungung, 14.000 ft., W. Tibet, July, 1926; 
Pala, about 14,000 ft., W. Tibet, July, 1926; Camp to Losar, 15,000 ft., 
Spiti, Aug., 1928. 

Potentilla multifidaf Lwn. var. ornithopoda. 

Ladak, 1920. 

Potentilla multiiida, Linn. var. Saundersiana. 

I to II Camp of Kailas Round, 16,500-18,600 ft., W. Tibet, Julv, 

1926 


Potentilla sericea, Lmn. var. genuina. 

Taklakot, 13,000 ft., W. Tibet, July, 1926; Tirtbapun, 14,500 ft., 
W. Tibet, July, 1926: Camp to Losar, 15,000 ft., Spiti, Aug., 1023; 
Shingon la, 16,000 ft., Zanskar. Aug., 1928. 

Potentilla argyrophylla, TT’a?Z. 

Kinlung, 15,000 ft.. Rupshu, July, 1919; Baralacha Pass, 16,000 ft., 
Rupshu, July, 1928. 
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Potentilla nivea, Linn. 

Kinlung, 15,000 ft., Rnpshu, July, 1919; I to 11 Camp of Kailas 
Eoimd, 16,500-18,600 ft., W. Tibet, July, 1926; Gaurikund, 18,500 ft,, 
Kailas Round, W. Tibet, July, 1926. 

Potentilla Margheritae, Pram. 

Ladak, 1920; Manasaimyar, 15,000 ft., W. Tibet, 1922; Tirtbapuri, 
14,500 ft., Tibet, July, 1926; Dnlchu to Tirtbapuri, 15,000-14,500 
ft.. W. Tibet, July, 1926; Jiu, 15,000 ft., W. Tibet, July, 1926. 

Saxifeageae. 

Saxifraga sibirica, Linn. 

Kinlnng, 15,000 ft., Rupshu, July, 1919. 

Saxifraga Hirculus, Linn. var. hirculoides. 

I to n Gamp of Kailas Round, 16,500-18,600 ft., W. Tibet, July, 
1926; Gauriknnd, 18,500 ft., Kailas Round, W. Tibet, July, 1926. 

Saxifraga imbricata, Royle. 

Baralacha Pass, 16,000 ft., Rupshu, Aug., 1928; Manasarowar, 15,000 
ft., W. Tibet, 1922. 

Saxifraga flagellaris, Willd. 

Baralacha Pass, 16,000 ft., Rupshu July. 1928; Manasarowar, 15,000 
ft., W. Tibet, 1922. 

Saxifraga Stracheyi, H.f. and T. 

Spiti, 14,000 ft.. Aug., 1928. 

Parnassia ovata, Ledeb. 

Phari, 14,300 ft., G. Tibet, 24th July, 1929. 

Ribes orientale, Pair. 

Ladak, 1920; Saugong, 13,400 ft., C. Tibet, July, 1930. 
Ceassulaceae. 

Sedum bimalense, Don. 

Camp to Losar, 14,000 ft., Spiti, Aug., 1928. 

Sedum asiaticum, DC. 

Tirtbapuri, 14,500 ft., W. Tibet, July, 1926. 

Sedum asiaticum, DC. var. Wallichianum. 

Baralacha Pass, 16,000 ft., Rupshu, Aug., 1928; Camp to Gaurikund, 
16,500-18,600 ft., Kailas Round, W. Tibet, 1926: Rakastal, 15,000 ft., 
W. Tibet, .July. 1926. 

Sedum linearifalium, Royle. 

Tuna, 14,700 ft., G. Tibet, Aug., 1930. 

Sedum Ewersii, Ledeb. 

Camp to Losar, Spiti, 14,000 ft., Aug., 1928. 

Sedum Hobsoni, Praia. 

Ladak, 1920. 

Sedum Smithii, Hamet. 

I to II Camp of Kailas Round, 16,500-18,600 ft., W. Tibet, July, 
1926; Dulchu to Tirtbapuri, 15,000-14,500 ft., W. Tibet, July, 1926. 
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SemperviYum acuminatum, Dene. var. genuinum. 

Tirthapun, 11,500 ft., W, Tibet, July, 19*26: Camp to Losar, 15,000 
ft., Spiti, Aug., 19*28. 

Halobageae. 

Hippuris Yulgaris, Linn. 

Tirthapun, 14,500 ft., W. Tibet, July, 19*26; Tuna, 14.700 ft., C. 
Tibet, July, 1930. 

Myriophyllum verticillatum, Linn. 

Manasarowar 15,000 ft., W. Tibet, July, 19*26; Tirthapun, 14,500 
ft., W. Tibet, July, 19*26: Kala Lake, 14,600 ft., C. Tibet, Aug., 19*29. 

Onagraeieae. 

Epilobium latifolium, Linn. 

Kmlung, 15,000 ft., Eupshu, 1919; Baralacha Pa&s, 16,0 Ckj ft., Eupshu, 
Aug., 1928. 

EpOobium roseum, Schreb. 

Ladak, 19*20. 

Epilobium alpinum, Linn. 

Camp to Losar, Spiti, 14,000 ft., Aug., 1928. 

Epilobium Glarkeanum, Han. 

Taklakot, 13,000 ft., \V. Tibet, July, 1926. 

Umbelliferae. 

Trachydium Roylei, Lindl. 

Tirthapun, 14,500 ft., 'VT. Tibet, July, 19*26. 

Bupleurum falcatum, Linn. var. nigro. 

Ladak. 19*20; Taklakot, 13,000 ft., W. Tibet, July, 19*26; Spiti, 
14,000 ft., July, 19*26. 

Garum Garui, Linn. 

Camp to Losar, 15,000 ft., Spiti, Aug., 19*28. 

Sium latijugum, C. B. Clarke. 

Ladak, 19*20. 

Pimpinclla curYata, C. B. Clarke. 

Gryantse Eoad, C. Tibet, July, 1930. 

Prangos pabularia, Lindl. 

Ladak, 1920. 

Pleurospermum Govanianum, DC. 

Phan. 14,300 ft., C. Tibet, July, 1929. 

Pleurospermum Gandollii, Benth. 

Baralacha Pass, 16,IHX) ft., Eupshu, Aug., 19*28 
Ferula Jaeschkeana, Vatke. 

Ladak, 19*20. 

Peucedanum Dhana^ Ham. 

Ladak, 19*20. 

Peucedanum Malcolmi, Hemsl. et Pears. 

Gyantse Eoad, C. Tibet, July, 1930. 
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Capeifoliaceae. 

Lonicera spinosa, Jncq. 

Ladak, 1920; Takiakot, 13,000 ft., ^V. Tibet, July, 1926; Saugong, 
13,400 ft., C. Tibet. .Tiily, 1930. 

Eubiaoeae. 

Hedyotis stipulata, Bi. 

Ladak, 1920; Karzia, 13,500 ft., Zanskar, Aug., 1928. 

Galium pauciflorum, Bunge. 

Takiakot, 13,000 ft., W. Tibet, July, 1926. 

Galium aparine, L. 

Taklakat, 13,000 ft., W. Tibet, July, 1926. 

Dipsaceae. 

Morina polyphylla, Wall. 

Ladak, 1920. 

Compositae. 

Aster Heterochaeta, Benth. 

Way to Gyautse, C. Tibet, July, 1929. 

Aster molliusculusy Wall. 

Way to Gyantse. C. Tibet, July, 1929. 

Aster praetermissus, J. R. Dm. 

Kinlung, 16,000 ft., Eupshu, July, 1919. 

Erigeron asteroides, Roxh. 

Kliangma, 13,9(X) ft.. C. Tibet, Aug., 1930. 

Erigeron andryaloides, Benth. 

Ladak, 1920; Spiti, 14,500 ft., 13th Aug., 1928; Camp to Losar, 
Spiti, 14,000 ft., 14th Aug., 1928. 

Erigeron alpinus, Luiu. 

Ladak, 1920; Kinlung, 15,000 ft.. Eupshu, July, 1919. 

Erigeron alpinus, Linn. var. multicaulis. 

Ladak, 1920. 

Microglossa albescens, C. B. Clarhe. 

Saugong, 13,400 ft., C. Tibet, July, 1930. 

Leontopodium alpinum, Cass. 

Ladak, 1920; Kinlung, 14,500 ft., Eupshu, July, 1919; I to II Camp 
of Kailas Eound, 16,500--18,600 ft., W. Tibet, July, 1926; Dama la, 
18,600 ft., Kailas Eound, July, 1926; Tirthapuri, 14,600 ft., W. Tibet 
July, 1926; Eakastal, 15,000 ft., W. Tibet, July, 1926; Gyantse Eoad! 
C, Tibet, July, 1930; Phari, 14,300 ft., and Dochen, 14,700 ft., C. Tibet 
July, 1929. 

Anaphalis cuneifolia, H.f. and T. 

« Kopshu. My. 1919; Camp to Losar, 15,000 

ft., Spiti, Aug., 1928. 

Inula obtusifolia, Kemeu 
Ladak, 1920. 
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Inula grandiflora, Willd. 

Khangma, 13,900 ft., C. Tibet, July, 1929. 

Inula rhizocephaloides, C. B. Clarke. 

Ladak, 1920- 

Allardia glabra, Dene, 

Camp to Gaurikund, 16,500-18,600 ft., Kailas Round, M". Tibet, 
1926; Gaurikund, 18,500 ft., Kailas Round, W. Tibet, July, 1926. 

Allardia tomeniosa, Dene. 

Baralacha, 16,000 ft., Rupshu, July, 1919; Kinlung 15,000 ft., 
Rupsbu, July, 1919; Camp to Losar, Spiti, 14,000 ft., Aug., 1928. 

Chrysanthemum tibeticum, H.f. and T. 

Ladak, 1920. 

Chrysanthemum Richteria, Benth. 

Ladak, 1920; Kinlung, 15,000 ft., Rupshu, 20th Aug., 1926. 

Chrysanthemum (Tanacctum) tenuifolium, Gaij. 

Kinlung, 15,000 ft., Rupshu, 20th Aug., 1928; Spiti, 14,000 ft., 
Aug., 1928. 

Chrysanthemum (Tanacetum) senedonis, Gay. 

Phirtse la, 16,000 ft., Zanskar, Aug., 1928. 

Tanacetum tibeticum, Tef. and 8h. 

Kinlung, 15,000 ft., Rupshu, July, 1919. 

Artemisia salsoloides, Willd. 

Ladak, 1920; Rakastal, 15,000 ft., W. Tibet, July, 1926; Dulchu 
to Tirthapuri, 15,000-14,500 ft., W. Tibet, July, 1926; Tirtliapuri, 
14,500 ft., W. Tibet, July, 1926; Kala, 14,600 ft., C. Tibet, July. 1929. 

Artemisia Dracunculus, Linn. 

Tuna, 14,700 ft., C. Tibet, July, 1930. 

Artemisia stricta, Edgeic. 

Phari, 14,300 ft., C. Tibet. July, 1929. 

Artemisia maritima, Linn. 

Lingti plain, 14,500 ft., Rupshu, 20th Aug., 1928; Losar, 13,000 ft., 
Spiti, 14th Aug., 1928. 

Artemisia Tournefortiana, Reichb. 

Ladak, 1920; Gyantse Road, C. Tibet. Julv, 1930; Samada, 14,100 
ft., C. Tibet, July, 1929. 

Artemisia vestita, Wall. 

Ladak, 1920; Camp to Losar, Spiti, 14,000 ft., 14th Aug., 1928* 
Khangma 13,900 ft., G. Tibet, July, 1930; Saugong, 13,400 ft., C.’ Tibet! 
29th July, 1929. 

Artemisia laciniata, Willd. 

Ladak, 1920. 

Artemisia Campbellii, H.j. and T. 

Camp to Gaurikund, 16,500-18,600 ft., Kailas Round, IV Tibet 
July, 1926; Taklakot, 13,000 ft., W. Tibet, July, 1926; Khangma, 13,900 
ft., C- Tibet, July, 19.30; Gyantse Road. C. Tibet, July, 1930. 
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Artemisia Stracheyi, H.j. and T. 

Dulcbu to Tirthapuri, 15,000—14,500 ft., lA . Tibet, iTuly, 1926; 
Tirthapuri, 14,500 ft., AV. Tibet, fTuiy, 1926; Samada, 14,100 ft., G. 
Tibet, July, 1930. 

Artemisia minor, Jacquem. 

Ladak, 1920; Kinlung, 15,000 ft., Bupshu, July, 1919; Tirthapuri, 
14,500 ft., AA’. Tibet, July, 1926; Eakastal, 15,000 ft., -AA". Tibet, July, 
1926. 

Artemisia Sieversiana, Willd. 

Ladak, 1920; Camp to Losar, 15,000 ft., Spiti, Aug., 1928; Losar, 
Spiti, 14,000 ft., 1928. 

Artemisia arenaria, DC. 

Manasarowar, 15,000 ft., AA’’. Tibet, July, 1926; Bhangma, 13,900 
ft., C. Tibet, July, 1930. 

Artemisia frigida, Willd. 

Kala, 14,600 ft., C. Tibet, July, 1930; Tuna, 14,700 ft., C. Tibet, 
July, 1930; Khangma, 13,900 ft., C. Tibet, July, 1930; AVay to G-yantse, 
C. Tibet, July, 1929. 

Lactuca orientalis, Boias. 

Ladak, 1920. 

Lactuca tatarica, C. A. Mey. 

Ladak, 1920. 

Lactuca decipiens, H.f. 

Ladak, 1920. 

Senecio chrysanthemoides, DC. 

Saugong, 13,400 ft., C. Tibet, July, 1930; Gyantse Eoad, C. Tibet, 
Aug., 19^30, There is only one poor specimen in the herbarium. 

Senecio tenuifolius, Burm, 

Taklakot, 13,000 ft., AA\ Tibet, July, 1926; Camp to Losar, Spiti, 
14,000 ft., Aug., 1928. 

Senecio Ligularia^ H.f. 

Saugong, 13,400 ft., G. Tibet, July, 1930. 

Senecio (Cremanthodium) gorigensis, Hem. 

Ladak, 1920; Gaurikund, 18,500 ft,, Kailas Round, AA". Tibet, July, 
1926. 

Cousinia Thomson!, Clarke. 

Pala, about 14,000 ft., W. Tibet, July, 1926. 

Saussurea obvallata, Wall. 

Below Shingon la, 16,000 ft., Zanskar, Aug., 1928; Saugong, 14,000 
ft., C. Tibet, July, 1930. 

Saussurea hracteata, Dene. 

Ladak, 1920. 

Saussurea Stoliezkai, Clarke. 

Camp to Lama la, 16,500-18,600 ft., Kailas Bound, AA^ Tibet, 1926; 
Gaurikund, 18,500 ft., Kailas Bound, AA'. Tibet, July, 1926; Dulchu to 
Tirthapuri, 15,000-14,500 ft., AA\ Tibet, July, 1926; Manh Pass, 15,000 
ft., Spiti, 13th Aug., 1928; Gyantse Eoad, C. Tibet, Aug., 1930. 
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Saussarea glandnligera, Schultz. 

Ladak, 1920; Eakastal, 15,000 ft., W. Tibet, July, 1926; Kala, 14,600 
ft., C. Tibet, July, 1929. 

Saiissurea sacra, Edgew. 

On Lipu Lekb Pass, 16,000 ft., way to W. Tibet, 1922. 

Saussarea sorocephala, H.f, and T. 

Ladak, 1920; Camp to Dama la, 16,500-18,600 ft., Kailas Pound, 
W. Tibet, 1926; Tirthapiiri, 14,500 ft., W. Tibet, July, 1926. 

Saussarea Eiugli, Jrdr. 

Manh Pass, 15,000 ft., Spiti, 13th Aug., 1928. 

Crepis fleiuosa, Ledeh. 

Taklakot, 13,000 ft., W. Tibet, July, 1926. 

Crepis glomerata, Dene. 

Way to Gyantse, C. Tibet, July, 1929. 

Taraxacum officinale, Wigg, 

Ladak, 1920; Gamp to Dama la, 16,500-18,600 ft., W. Tibet, July, 
1926; Tirthapuri, 14,500 ft., W. Tibet, July, 1926; Kala, 14,600 ft., C. 
Tibet, July, 1929; Camp, Spiti, 14,000 ft., Aug., 1928. 

Taraxacum sp. 

Ladak, 1920. 

Scorzonera diyaricata, Turez. 

Ladak, 1920; Camp to Losar, Spiti, 14,000 ft., 14th Aug., 1928. 
CaMPAJHJIiACEAE. 


Codonopsis oxata, Benth. 

Ladak, 1920. 

Plumbagineae. 

Acantholimon lycopodioides, Boiss. 

Ladak, 1920; Zanskar, 14,000 ft., Aug., 1928. 

PeIMUIiACEAE. 

Primula tibetica. Wall. 

Dulchu to Tirthapuri, 15,000-14,500 ft., W. Tibet, July, 1926; 
Darchan, 15,000 ft., W. Tibet, July, 1926; I to EC Camp of Kailas 
Bound, 16,500-18,600 ft., W, Tibet, July, 1926. 

Primula sp. 

Below Shingon la, 16,000 ft., Zanskar, Aug., 1928. 

Primula sp. 

Darchan, 16,000 ft., W, Tibet, July, 1926. 

Primula sp. 

Ladak, 1920, 

Primula sp. 

On the way to Gyantse, C. Tibet, July, 1929. 

Androsace xillosa, Linn. 

Ladak, 1920; Manasarowar, 15,000 ft., W. Tibet, 1922; Barkha 
Plain, 15,()00 ft., W. Tibet, July, 1926. 
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Androsace Poissonii, Knuth, 

Damala, 18,600 ft.. W. Tibet, 23rd July, 1926 (with Arenaria musei- 
formis) . 

Androsace sp. 

Barkha Plain, 15,000 ft., July, 1926. 

Androsace sp. 

Samada, 14,100 ft., C. Tibet, July, 1929. 

Glaux maritima, Linn. 

Barkha Plain, 15,000 ft., W. Tibet, July, 1926. 

Apocynaceae. 

Apocynum venetum, Linn. 

Ladak, 1920. 

Asglbpiadeae. 

Cynancbum acutum, Linn. 

Ladak, 1920. 

Gentianeab. 

Gentiana Moorcroftiana, Wall. 

Spiti, 14,000 ft., Aug., 1928. 

Gentiana humilis, Steven. 

Barchan, 15,000 ft., W. Tibet, July, 1926; Taklakot, 13,000 ft., 
W. Tibet, July, 1926. 

Gentiana nubigena, Mdgew. 

Shingon la, 17,000 ft., Zanskar, Aug., 1928. 

Gentiana dentosa, Fries, ^ar. Stracbeyi. 

Ladak, 1920. 

Gentiana pbarica, Bnrkill. 

Way to Gyantse, C. Tibet, July, 1929. 

Gentiana tianscbanica, Rupr. 

Zanskar, 15,000 ft., Aug., 1928. 

Pleurogyne Tbomsoni, Clarke. 

Kinlung, 15,000 ft., Bupshu, July, 1919; Lmgti Plain, 14,000 ft., 
Bupshu, Aug., 1928; Taklakot, 13,000 ft., W. Tibet, July, 1926; Tirtha- 
puri, 14,500 ft., W. Tibet, July, 1926. 

Swertia Tbomsoni, C. B. Clarke. 

Ladak, 1920. 

Bobagineae. 

Lindelofia Bentbami, H.f. 

Manasarowar, 15,000 ft., W, Tibet, 1922. 

Paracaryum asperum, Stodes. 

Ladak, 1920. 

Eritrichium strictum, Dene. 

Xinlung, 15,000 ft., Bupshu, July, 1919; Lingti Plain, 14,000 ft., 

^0 G^aiinkund, 

16,0^1^600 ft , Kailas Bound, W. Tibet, July, 1926; Tirthapuri, 14,500 
ft., W. Tibet, July, 1926. 
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Eritrichium Munroi, ClarJie. 

Manasarowar, W. Tibet, 1922; Eungung, 14,000 ft., W. Tibet, July, 
1926; Gyantse Road, C. Tibet, July, 1930. 

Eritriebium basiiixum, Clarke. 

Beyond Baralacha Pass, Rupsbu. Aug., 1928. 

Microula Benthami (M. tibetica, Max.)^ Clarke. 

Ladak, 1920; Manasarowar, 15,000 ft., \V. Tibet, 1922; Camp to, 
Gaurikund, 16,500-18,600 ft., Xailas Round, W'. Tibet, July, 1926. 

Microula Sikkimensis, Hem. 

Saugong, 13,400 ft., C. Tibet. Julv, 1929; Gvantse Road, C. Tibet, 
1929. 

Lycopsis aryensis, Li ha. 

Saugong. 13,400 ft., C. Tibet, Julv. 1929; Gyantse Road, C. Tibet, 
1929. 

Myosotis sylvatica, Hoftm. 

Ladak, 1920. 

Arnebia tibetica, Kuiz. 

Manasarowar, 15,000 ft., ^V. Tibet, 1922. 

Macrotomia perennis, Boise. 

Kmlung, 15,000 ft., Rupsbu, July, 1919; Manasarowar, 15,000 ft., 
W. Tibet, 1922; Camp to Losar, Spiti, 14,000 ft., Aug., 1928; Karzah, 
13,000 ft., Zanskar, Aug., 1928. 

CONYOLTtJL.^CE.'VE. 

Guscuta sp. 

Manasarowar. 15,000 ft., \V. Tibet, 1922; Zanskar, 14,000 ft., Aug., 


1928. 


S0L.^XACE.^. 


Physochlaina praealta, H./. 

Manasarowar, 15,000 ft., ^y. Tibet, 1922; Taklakot, 13,000 ft., W. 
Tibet, July, 1926; common in Western Tibet. 

Hyoscyamus pusillus, Lmn. 

Ladak, 1920. 

SCROPHUL.ARI^■EAE. 

Scrophularia lucida, L. 

Ladak, 1920. 

Scrophularia dentata, Royle. 

Manasarowar, 15,000 ft., W. Tibet, 1922, and July, 1926; Camp to 
Gaurikund, 16,500-18,600 ft., Kailas Round, W. Tibet, July, 1926; 
Tirthapuri, 14,500 ft., W. Tibet, July, 1926. 

Scrophularia scabiosaefolia, Benih. 

Ladak, 1920. 

Lancea tibetica, H.f. and T. 

Ladak, 1920; I to II Camp of Kailas Round, 16,500-18,600 ft., W. 
Tibet, July, 1926; Taklakot, 13,000 ft.. W. Tibet, July, 1926; Dulchu to 
Tirthapuri, 15,000-14,500 ft., W. Tibet, July. 1926; Dochen, 14,700 ft., 
C. Tibet, Aug.. 1930. 
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Picrorhiza Kurrooa, Boyle. 

Ladak, 1920; below Shingon la, 15,000 ft., Zanskar, Aug., 1928. 

Veronica Anagalis, L. 

Taklakot, 13,000 ft., W. Tibet, July, 1926. 

Veronica biloba, L. 

Kinlung, 15,000 ft., Eupsbu, July, 1919; Taklakot, 13,000 ft., W. 
Tibet, July, 1926; Gamp to Losar, Spiti, 14,000 ft., Aug., 1928. 

Pedicularis globifera, H.f. 

Phari, 14,300 ft., C. Tibet, July, 1929. 

Pedicularis Ycrticillata, L. 

Ladak, 1920. 

Pedicularis bicornuta, KloUsch. 

Below Sbingon la, 15,500 ft., Zanskar, Aug., 1928. 

Pedicularis siphonantha, Don. 

Ladak, 1920; Manasarowar, 15,000 ft., W. Tibet, 1922. 

Pedicularis rhinanthoides, Schrenk. 

Spiti, 14,000 ft., Aug., 1928. 

Pedicularis Collata, Prain. 

I to II Camp of Kailas Bound, 16,500-18,600 ft., W. Tibet, July, 1926. 

Pedicularis longiflora, Rud. 

Ladak, 1920. 

Orobanchaoeae. 

Orobanche cernua, Loejf. 

Ladak, 1920. 

Labiatae. 

Elsholtzia eriostachya, Benth. 

Spiti, 14,000 ft., Aug., 1928; Gyantse, 13,000 ft., C. Tibet, July, 
1929. 

Elsholtzia strobilifera, Bentk. 

Gyantse, 13,000 ft., C. Tibet, July, 1929. 

Mentha sylYestris, L. var. incana. 

Ladak, 1920. 

Thymus Serpyllum, L. 

Kinlung, 15,000 ft., Eupshii, July, 1919. 

Perovskia abrotanoides, Kiril. 

Ladak, 1920. 

Nepeta ^riostachya, Benth. 

Camp to Losar, Spiti, 14,000 ft., Aug., 1928. 

Nepeta discolor, Benth. 

Ladak, 1920. 

Nepeta longibracteata, Benth. 

T . G-aurihmd, 16,500-18,600 ft., Kailas Bound, W. Tibet, 

July, 1926. 
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Nepeta glutinosa, BentJi, 

LiBgti Plain, 14,000 ft., Eupshu, 20t]i Aug., 19*28. 

Nepeta pharica, Prain, 

Above Bocben, about 15,000 ft., C. Tibet, July, 1929. 

Dracocephalum heterophyllum, Benth, 

Ladak, 1920; Manasarowar, 15,000 ft., W. Tibet, 1922; Dulchu to 
Tirthapuri. 15,000-14,500 ft., W. Tibet, Julv, 1926; Tirthapuri, 14,500 
ft., W. Tibet, July, 19*26; Tuna, 14,700 ft.,*'C. Tibet, July, 1930; Way 
to Gyantse, C. Tibet, .July, 1929; Eed Image Gorge, C. Tibet, July, 
1930. 

Scutellaria Heydei, H'k.f, 

Ladak, 1920. 

Siachys tibetica, Vailie. 

Ladak, 1920. 

Pblcmis potata, Benth, 

Khangma, 13,900 ft., C. Tibet, Aug., 1929; Red Image Gorge, 0. 
Tibet, July, 1930. 

PlASTAGiyiEAB. 

Plantago lanceolaia, L. 

Sarcbu, 14,000 ft., Eupsbu, July, 1919. 

Plantago tibetica, H,f. and T, 

Taklakot, 13,000 ft., W. Tibet, July, 1926. 

Chenopoduceae. 


Chenopodium album, L. 

Kinlung, 15,000 ft., Eupsliu, Julv, 1919; Taklakot, 13,000 ft., W. 
Tibet, Julv, 19*26; Jiu, 15,000 ft., W Tibet, Julv, 19*26; Kala, 14,600 
ft., C. Tibet, July, 1929. 

Chenopodium Botrys, L. 

Ladak, 1920. 

Chenopodium Blitum, L. 

Taklakot, 13,000 ft., W. Tibet, July, 1926: Jiu, 15,000 ft., W. 
Tibet, July, 1926. 

Atpiplex cpassifolia, C. A. Mey. 

Ladak, 1920; Taklakot, 13,000 ft., W. Tibet, July, 1926. 

Eupotia cepatoideS) G, A, Mey. 

Ladak, 19*20; Tirthapuri, 14,500 ft., W. Tibet, July, 1926; Barkha 
Plain, 15,000 ft., W. Tibet, July, 1926. 

Axypis amaranthoides, Linn. 

Below Phirtse la, 15,000 ft., Zanskar, Aug., 1928. 

Chenolea divapicata, H.f. 

Ladak, 1920. 

Eochia ppostpata, Schrad. 

Ladak, 19*20; Phirtse la, 15,000 ft., Zanskar, Aug., 1928. 

Sochia odonioptepa, Schreiik. 

Ladak, 1920. 
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Salsola colUna, C. A. Mey. 

Ladak, 1920; Taklakot, 13,000 ft., W. Tibet, July, 1926. 

POLYGONACEAE. 

Polygonum islandicum, Hh.f. 

Taklakot, 13,000 ft., W. Tibet, July, 1926. 

Polygonum cognatum, Meissn. 

Taklakot, 13,000 ft., W. Tibet, July, 1926; Pala, 14,000 ft., W, 
Tibet, July, 1926; Camp to Losar, Spiti, 14,000 ft., 14th Aug., 1928. 

Polygonum paronychioides, C, A. Mey. 

Ladak, 1920. 

Polygonum aviculare, Linn. 

Kinlung, 15,000 ft., Rupshu, July, 1919. 

Polygonum plebejum, Br. 

Ladak, 1920; Camp to Camp in Spiti, 14,500 ft., Aug., 1928. 

Polygonum ymparumy Linn. 

Tirtbapuri, 14,500 ft., W, Tibet, July, 1926; Pbari, 14,300 ft., 0. 
Tibet, July, 1930; Kbangma, 13,900 ft., C. Tibet, July, 1929. 

Polygonum aflSne, Don. 

Kinlung, 15,000 ft., Rupshu, July, 1919. 

Polygonum rumicifolium, Royle. 

Camp to Camp m Spiti, 15,000 ft., 13th Aug., 1928. 

Polygonum tortuosum, Don. 

Ladak, 1920; Rakastal, 15,000 ft., W. Tibet, July, 1926. 

Polygonum sibiricum, Laxm. 

Ladak, 1920; Lingti plains, 14,000 ft., Rupshu, Aug., 1928; Taklakot, 
13,000 ft., W. Tibet, July, 1926; Jiu, 15,000 ft., W. Tibet, July, 1926; 
Pbari, 14,300 ft., C, Tibet, July, 1930; Samada, 14,100 ft., C. Tibet, July, 
1929; Gryantse Road, G. Tibet, Aug., 1930. 

Polygonum sp. 

Kala, 14,600 ft., C. Tibet, July, 1929. 

Fagopyrum emarginatum, Meissn. 

Kinlung, 15,000 ft., Rupshu, July, 1919; Taklakot, 13,000 ft., W. 
Tibet, July, 1926. 

Hheum spiciforme, Royle. 

Ladak, 1920; Rakastal, 15,000 ft., \V. Tibet, July, 1926; Camp to 
Gaurikund, 16,500-18,600 ft., Kailas Round, W. Tibet, July, 1926. 

Oxyria digyna, Hill. 

Ladak, 1920; Kinlung, 15,000 ft., Rupshu, July, 1919. 

Rumex orientalis, Bernh. 

Ladak, 1920; Taklakot, 13,000 ft., W. Tibet, July, 1926. 

Rumax nepalensis, Spreng. 

Khangma, 13,900 ft., G. Tibet, July, 1929. 

Rumex acetosa, Linn. 

Ladak, 1920. 



m 


Presidential Address, Appendix. 


51 


THZMELAEAC3EAE. 

Steilera Chamaejasme^ Linn. 

Dochen, 14,700 ft., C. Tibet, July, 1930; Khangma, 13,900 ft., C. 
Tibet, July, 19*29. 

Elaeagnaceae. 

Hippophae rhamnoides, Lmn. 

Ladak, 19*20; Eungung, 14,000 ft., W. Tibet, July, 19*26. 


Euphoebiaceae. 

Euphorbia tibetica, Boiss. 

Ladak, 19*20; Taklakot, 13,000 ft., W. Tibet, July, 1926. 


Urtigaceae. 

XJrtica hyperborea, Jacq. 

Kinlung, 15,000 ft., Eupshu, July, 1919; Darchan, 15,000 ft., W. 
Tibet, July, 19*26; Tuna, 14,700 ft., C. Tibet, July, 1930. Very common 
in Tibet. 

Saucineae. 

Salix hastaia, L. 

Saugong, 13,400 ft., C. Tibet, July, 1930. 

Salix insignis, Anderas. 

Taklakot, 13,000 ft., W. Tibet, July, 1926. 

Salix calyculata, H.f. 

Zanskar, Aug., 1928. 

Salix sp. 

Losar, 13,000 ft., Spiti, July, 19*28. 

Salix sp. 

Spiti, 14,000 ft., Aug., 1928. 

Salix sp. 

Losar, 13,000 ft., Spiti, Aug., 1^8. 

Salix sp. 

Taklakot, 13,000 ft., W. Tibet, July, 1926. 


G-netaceae. 

Ephedra Tulgaris, Etch. 

Beyond Baralacha, about 15,000 ft., Eupshu, Aug., 1928; Camp in 
Spiti. 14,000 ft., Aug., 1928; Zanskar, 14,000 ft., Aug., 1928; Khangma, 
13,900 ft., C. Tibet, July, 1929; Samada, 14,100 ft., C. Tibet, July, 1929. 

Ephedra intermedia, Schrenh. 

Ladak, 19*20. 

Co^ofeeae. 


Juniperus macropoda, Boiss. 
Ladak, 1920. 


Orchis Chusua, Don. 

Way to Gyantse, C. Tibet, 
1930. 


Orchideae. 

July, 1929; Above Gyantse, C. Tibet, Aug,, 
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IRIDK4E. 

Iris ensata, Thunh. 

Gyantse, 13,000 ft., C. Tibet, July, 1930. 

Liuaceae. 


Allium Schoenoprasum, L. 

Ladak, 1920. 

Allium blandum, Wall. 

Tirthapuri, 14,500 ft., W. Tibet, July, 1926. 

Allium Schrenki, Begel. 

Gyantse Bead, C. Tibet, July, 1930; Kbangma, 13,900 ft., C. Tibet, 
July, 1929. 

Allium odorum, Linn. 

Camp to Gaurikund, 16,500-18,600 ft., Kailas Bound, W. Tibet, July, 
1926; Tirthapuri, 14,500 ft., W. Tibet, July, 1926. 

Allium tuberosum, Roxb. 

Tirthapuri, 14,500 ft., W. Tibet, July, 1926. 

Allium Go^anianum, W. A. Smith. 

Khangma, 13,900 ft., 0. Tibet, July, 1929. 

Fritillaria Gardneriana, Wall. 

Phari, 14,300 ft., C. Tibet, July, 1930. 

Lloydia serotina, Beichh. 

Gaurikund, 18,500 ft., Kailas Bound, W. Tibet, July, 1926; Gyantse 
Boad, C. Tibet, July, 1930. 

Tofieldia himalaica, Baker. 

Gyantse Boad, C. Tibet, July, 1930; Dochen, 14,700 ft., G. Tibet, July, 
1930. ' 

JUNCACEAE. 

Juncus leucomelas, Boyle. 

Camp in Spiti, 14,000 ft., Aug., 1928. 

Juncus allioides, Franck. 

Gyantse Boad, C. Tibet, July, 1930. 

Juncus Thomson!, Buck. 

I to II Camp of Kailas Bound, 16,500-18,600 ft., W. Tibet, July, 1926; 
Tirthapuri, 14,500 ft., W- Tibet, July, 1926; Bungung, 14,000 ft., W. 
Tibet, July, 1926; Gyantse Boad, C. Tibet, July, 1930. 


Naiadaceae. 

Triglochin palustre, Linn. 

Kinlung, 15,000 ft., Bupshu, July, 1919; Tirthapuri, 14,500 ft., W. 
Tibet, July, 1926; Dulchu to Tirthapuri, 15,000-14,500 ft., W. Tibet, July, 
1926; Barkha Plain, 15,000 ft., W. Tibet, July, 1926; Gyantse Boad, C. 
Tibet, July, 1929. 

Triglochin maritimum, L. 

Kinlung, 15,000 ft., Bupshu, July, 1919; Tirthapuri, 14,500 ft., W. 
Tibet, July, 1926; Gyantse Boad, C. Tibet, July, 1930. 
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Potamogeton perfoliatus, L. 

Gyantse Eoad, C. Tibet, July, 1930. 

Potamogeton pectinatus, L. 

Manasarowar, 15,000 ft., W. Tibet, July, 1926; Darchan, 15,000 ft., 
W. Tibet, July, 1926; Tirtbapuri, 14,500 ft., W. Tibet, July, 1926; Dulcbu 
to Tirtbapuri," 15,000-14,500 ft., "W. Tibet, July, 1926; Sala, 14,600 ft., 
C. Tibet, July, 1929; Gyantse Road, G. Tibet, Aug., 1930. 
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Presidential Address. 

The Ixheritaxce of Characters ix Eagi, Elensine coracana. 

(Gaertn). 

Introduction. 

Agriculture is predominantly a problem of Crop Industry. 
Crops haye in recent years begun to be studied with increas- 
ing intensity. Specialisation in them is the order of the 
day, though it has been recognised by the highest authorities 
that a wider outlook is imparted by not confining the special- 
isation to a single crop. Being familiar with Eice, I find 
millets, the group of cereals which I am studying at present, 
affording a convenient opportunity for a comparative study 
of cereal genetics and the bearing of this study on the sub- 
ject of Crop Genetics in general. I am, therefore, propos- 
ing to address you on the results of seven years of work on 
one of the millets, viz., Eagi, Elensine coracana Gaertn, 
named after Eleusine, the Greek Goddess of Cereals. In 
choosing this millet, I have the feeling of appropriateness 
of dealing here, at Bangalore, with the premier cereal of the 
Mysore State. From the general Indian point of view, the 
reputation of this cereal for its keeping qualities gives it a 
prominent place as a famine reserve. I intend to use the 
studies on this crop as a thread with which to string some 
of my general observations on genetics in relation to the 
improvement of cereals. 

The Plant. 

Eleusine coracaiia, Gaertn, Eagi — is a small grained 
cereal belonging to the group of cultivated plants called Mil- 
lets. A medium-sized annual, it grows to a height of 3 to 
4 feet and has a capacity to tiller and branch freely. An 
individual plant resembles a chandelier more or less in gen- 
eral outline and configuration. The stem is somewhat com- 
pressed, elliptic, tough and smooth and much ensheathed, 
exposing very little of the internodes. The leaf blade has a 
prominent midrib, and in spite of this many of the fully grown 
leaves show a tendency to snap and hang down about their 
upper middle. The inflorescence which is characteristic of 
this cereal is borne on a long peduncle, from the end of 
which 4 to 6 spikes radiate in a whorl. The spikes are called 
fingers, and the odd one a little lower down often found 
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attached to one edge of the flattened peduncle, is called the 
thumb. The spikes are either straight or curved inwards. 
In each finger there are a number of spikelets (60 to 80) 
which are arranged in two rows and alternately attached to 
one side of a flattened rachis. The spikelets are sessile and 
contain 5 to 8 glumes each, of which the two lowermost are 
barren and the rest are paleate enclosing a complete flower, 
.consisting of an ovary with two feathery stigmas and three 
anthers, set between two lodicules. The anther lobes longi- 
tudinally dehisce and with their inverted margins present 
the appearance of two boats back to back. The ovule devel- 
ops into a seed which is globular and encased in a mem- 
branous pericarp. 

Flowering. 

The inflorescence of Bagi consists, as already described, 
of a -terminal whorl of 4 to 6 spikes. In each finger there 
are about 70 spikelets^ each spikelet having 5 to 7 complete 
flowers. In the spikelet the flowering proceeds from bottom 
to top and in a finger the order of flowering is from the top 
spikelet downward. An earhead contains 1,500 to 3,000 
flow’ers and the flowering period varies from 8 to 10 days, the 
largest number opening on the third day. The flowering 
takes place actively past midnight, from 1 to 5 a.m. Varie- 
ties with open earheads start flowering between 1 and 2 a.m., 
and those with curved earheads between 2 and 8 a.m. E. 
aegyptiaca, a wild ally of Bagi, flowers between midnight and 
2 a.m. It is interesting to observe the close similarity in 
the time of anthesis of the open Bagis and E. aegyptiaca, 
indicating a sliding down of the period of anthesis towards the 
oarlier hours of the morning in the case of the more compact 
and incurved varieties. As soon as the glume and palea 
begin to gape, the stigma and anther emerge almost concur- 
rently and soon after, the anthers dehisce and pollinate their 
own stigmas. Self-pollination is thus assured, though oc- 
casional cross-pollination in nature by wind and insects is 
not excluded. The glumes close between 7 and 8 a.m. 

Anthesis Studies in General. 

Anthesis studies are a necessary preliminary to studies 
on heredity in plants. The mechanism of pollination is of 
very great importance as its study throws considerable light 
on fertility and problems connected with it. This delicate 
process of pollination is very susceptible to modification with- 
in limits. In Pennisetum typhoideum flowering has been 
noticed to proceed throughout the day and night with the 
main concentration at about 9 p.m., a secondary spurt at 
about 9 a.m., and a definite dullening round about 3 p.m. 
The protogynous nature of this millet, the pencillate anthers 



(3) Presidetitial Address, o7 

and the absence of lodicules partly explain this peculiar 
floral conduct. But the fact that certain of its wild allies, 
like P, cenchroides, the flowers of which open from 2 to 11 
a.m., of P. Tuppelli from 10 p.m. to 11 a.m., and of P. 
purpureum from 7 a.m. to 12 noon, raises the possibility of 
this all day flowering being a concomitant of the packed, 
cultivated condition of the earhead of P. typhoideum. In 
Setarfa Ualica the march of flowering keeps pace directly witk 
increase in humidity and inversely with increase in tempera- 
ture. In Sorghum the maximum of flowering occurs at 2. 
a.m. There is thus a tendency for these cereals of the dry 
tracts to flower during the night. An analysis of the rain 
hours in rainy days as far as available, communicated by 
the Meteorological Department, shows the chief maximum 
amount of rainfall just after midnight. It is a tragic situa- 
tion in which some of these millets in their successful attempts, 
to escape flowering in the day’s heat run into disabilities 
consequent on midnight rain. Their only chance of success- 
ful poUination lies in the absence of night rain at optimum 
flowering time. These observations are made in detail to 
give an idea of the vicissitudes which the efforts of a breeder 
of MiUets pass through. Apart from the isolated instance 
of Goldschmidt, no systematic attempts have been made ta 
analyse the factors responsible for the opening of flowers. 
It is high time research work is directed to determine the- 
various factors contributing to the opening of flowers and 
And out how far a survey of such floral habits could afford 
opportunities for the perpetuation of favourable variants. 

Artificial Crossing. 

Millets are small grains in general and the flowers of 
Eleusine are very tiny. The want of individuality to each 
floral unit and the serried and closely overlapping arrange- 
ment of the spikelets make it difficult to pollinate the flowers 
artificially and is a great handicap for the study of its hered- 
ity. In the earlier years of my work, before the inheritance 
of certain obvious characters involving purple pigmentation 
was known, much time, trouble and patience were expended, 
in evolving a technique of artificial poUination with only 
very limited results. The delicacy of manipulation required 
and the quickness of the anthesis militate against success. 
But with the increase in our knowledge of the dominance of 
certain weU marked characters it has been possible to clip 
off all except a single finger or part thereof, in certain varieties 
and pollinate the flowers by contact with the desired earhead, 
taking the usual precautions for keeping off undesired pollen. 
Seeds from the mother finger are then sown with the cer- 
tainty of spotting the first generation hybrids even in the 
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seedling stage. Using the method described above a num- 
ber of hybrids have been raised successfully at the Millet 
Breeding" Station, Coimbatore. This short cut while it lacks 
the element of romance which usually Jtindles the admiration 
of the layman regarding the mysteries of the breeder’s art, 
nevertheless, provides, at an advanced stage of the breeder’s 
experience, a ready weapon for a quick pursuit of the in- 
heritance of many characters. Much experience is necessary 
in designing such crosses and a note of caution is here sound- 
ed against the use of this method by inexperienced persons. 

Purple Pigment in Grops. 

Without the existence of colour other than green, nature 
would be one vast monotonous expanse of emerald. The only 
diversity would then be that introduced by variation in form. 
The revelry of colour in nature and an accentuation of it in 
her reproductive phase, leave no doubt as to its vital func- 
tions. Vegetative adaptations of a colour type must have a 
physiological bearing and be intimately linked to vital meta- 
bolic processes. When crops are grown and compulsory 
monotony introduced the function of colour is baffling. If 
selective influences had voted in favour of colour, as reason- 
ably they might, then crops would have been one mass of 
purple. The fact that both pigmented and unpigmented 
varieties figure prominently as types of cultivated plants, 
surviving and perpetuated as economic varieties, is proof 
positive of the fact that colour as seen is not the only deter- 
minant in the survival of a crop variety. The absence of 
colour has not meant the dethroning of unpigmented varieties. 
It is therefore arguable that colour as seen and colour poten- 
tiality should both be the determining factors in the success 
of a cultivated variety. To a plant breeder this question of 
colour evokes the first curiosity necessary for a later sober 
pursuit of other less striking manifestations of heredity in 
crops. 

Purple Pigment in Ragi. 

In Eagi, as in most other cereals, there are many colour 
types and one broad group characterised by the absence of 
colour. Each colour group is a variant from the one of a 
lower degree with a single factor difference. The manifesta- 
tion of colour varies both in intensity and in distribution, 
diflerent factors being involved in the process. Genetically 
basic colour is produced by a factor P and its eflect is accen- 
tuated in depth and distribution by two intensification factors 
I^ and Ij. There is the broad separation between colour seen 
and colour potential. The Green-throughouts, though they 
look alike, are separate genetic entities with different poten- 
tialities for developing colour, which can only be determined 
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by breeding tests. They require the introduction of the pur- 
ple factor to unfold their potentialities to their full expres- 
sion. They are like undeveloped but exposed photographic 
plates, all alike, only waiting to show their individuality in 
the presence of the universal developer anthocyan. What 
it is that determines where colour shall be manifested and 
in what depth, is a large basic problem in bio-chemistry and 
plant-physiology, that has so far not had a generally accept- 
able solution. To me therefore it appears that the time is 
ripe to proceed beyond the well known purple dominance and 
probe into the basic problem of the very production and dis- 
tribution of purple pigmentation in the crop world. 

Earhead Shapes. 

Next to colour the earhead shapes provide a marked 
character for sub-grouping the varieties of Bagi. There are 
two broad groups — ^those in which the digitate spikes of the 
infiorescence cuiwe in and those in which they are open. 

A factor for Density designated Q, manhesting itself in 
a close packing of spikelets on the rachis is present in the 
Curveds and absent in the' Opens. 

The Curveds are separable into In-curveds and Top- 
curveds. In the In-curveds the spikes curve in. The Top- 
ourveds are longer than the In-curveds and in them, only 
the tops of the spikes curve. A second factor E is concerned 
with the elongation of the rachis and separates the Top- 
curveds from the In-curveds. The effects of the E factor 
begin to show out in the plant even before the emergence of 
the earhead. Its presence is revealed by the elongation of 
the flag, the greater length of the peduncle and the increased 
height of the plant. The E factor is present in the Opens 
also so that two groups of them, the Long-opens 
and Short-opens can be distinguished. Their separation is 
difficult, but their existence and individuality could easily 
be demonstrated from segregates of crosses with Top-cmweds 
and In-curveds respectively. 

The length of the fingers in Short-opens and Long- 
opens generally ranges in the former from 7 to 12 cm. and 
in the latter from 10 to 19 cm. They thus overlap slightly. 
To prove the genetic individuality of the two groups, selec- 
tions were made from the overlapping zones of finger length 
and breeding tests carried out. The progeny were found to 
be true to their parental ranges irrespective of the lengths 
of the parents chosen. 

Quality Soul of Quantity. 

Earhead shape is a form-complex with its length, breadth 
and thickness and within certain limits liable to variation 
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through environment. In dealing with the heredity of this 
form-complex, we run into a realm where measurements are 
possible and where the results of such measurements cannot 
be read aright without the perception that behind this arith- 
metic there are distinctive qualities of a genetic type, which 
the accuracy of measurement merely clothes in the latest 
style. In biology behind every quantitative manner of pre- 
sentation is a quality, a character, not easily spotted but 
delimitable through measurements. A mass of mathemat- 
ical data has often connoted very little for the simple reason 
that it lacked the soul of quality. A series of measurements 
of earhead lengths in a variety of Open Eagi gives a curve 
the constituent parts of which do not become evident with- 
out the help of breeding with sister families in which, meas- 
urements apart, distinct qualitative sub-groups could be 
located. I take this opportunity of observing that in the 
application of mere formulas accounting for the significance 
or otherwise of statistical data in crop biology, there should 
be no forgetting, that we are dealing with life drilled and 
mobilised by man and that the opportunity which the crop 
breeder has of multiplying his seed material in numbers and 
through generations, gives him a far surer and more tangible 
natural standard by which to measure the significance of his 
experiments. 

Grain Colour. 

Prom the earhead we ^ass on to the grain. Unlike other 
cereals there is not much wealth of grain colour in Eagi. 
It is one dull drab. The Eagi grain has a characteristic 
brown colour, which I have designated Eagi Brown. The 
pigment is confined to the outer layer of the seed coat. This 
Eagi Brown is produced by two factors B^ and B^ either 
alone or together. This brown colour of the grain is in inti- 
mate genetic relationship with Purple Pigmentation on the 
Plant. This Purple Pigmentation is produced by a factor S. 
working in association with either or both of the B factors. 
This accounts for the absence of white grained Eagi in purple 
pigmented plants. Some races of white grains carry the 
factor S. Crosses have been made between white grained 
plants containing the S factor, and brown grained Green- 
throughouts, and the resulting P^ plants were purple pig- 
mented and brown grained. These crosses behaved as ex- 
pected in later generations. 

Plant and Grain Pigments. 

Man has a natural predilection to produce a white grain in 
all his cereals. In Eagi, however, the predominant colour 
continues to be brown. People using this grain get reconciled 
to the brown tint of the cooked gruel. The more agreeable 
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white Eagi is comparatively less vigorous and poor yielding 
and is consequently rare in cultivation. Nevertheless it re- 
quired a white grained Eagi with the S factor, to figure in 
a cross and resolve both the Plant Purple and the Grain 
Brown of the Eagi into their genetic components. This 
fact is of consideraMe significance in the evolution and survi- 
val value of the existing cultivated varieties of Eagi. This 
phenomenon opens up a piquant problem in the bio-chemistry 
of plant pigments. 

Depth of Brown. 

Certain races are met with in which the Eagi colour of 
the grain is of a darker shade. Given fair weather and nor- 
mal ripening, the separation between the ordinary Eagi Brown 
and the Dark Eagi Brown is well marked. Over-ripening 
or a downpour of rain at ripening period tends to make the 
normal colour dark, and the dark colour reddish black, with 
the result that the separation of the two becomes rather 
difficult. These difficulties notwithstanding, the dark Eagi 
Brovn. has been found to be produced by a definite factor D 
which, acting on the Eagi Brown, makes it Dark Brown. 
This factor behaves as a simple dominant, and is independent 
of the factors concerned in the production of Plant Purple 
Pigmentation and is not in selective association with either 
of the B factors. 

Pericarp Green. 

Young developing gi-ains, of Eagi have generally a green 
pericarp. This green colour shows itself while the grain is 
still young and enclosed within the glumes, and through the 
transparent tissues between the glumal veins it gives the 
earhead the characteristic green look in the early stages of 
flowering. The pericarp continues ^to be green even after 
the growing grain passes the milky stage, but about a week 
after, it dries off into a thin, loose, greyish translucent and 
fairly persistent membrane enclosing the mature grain. A 
variant of this type has been met with. This has a distinct 
light green pericarp, which in the early stages gives a lighter 
tint of green even to the earhead. The green pericarp is 
brought about by the presence of a factor designated 
which is a simple dominant to the light gi-een pericarp. This 
factor Cx is independent of the factors for Plant Purple 
Pigmentation and Grain Colours. 

Ayither and Pericarp Relations. 

The green pericarp is associated with a dry anther mass 
of Pale Orange Yellow and the light green pericarp, with 
Ivory Yellow. This association between anther colour and 
rthe colour of the pericarp is noticeable in other naked grains. 
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In Sorghum for example, there is a very close relation be- 
tween the colour of the anther, fresh and dry, and the colour 
of the grain. These affinities tlirow considerable light on 
the structural and other relationships existing between parts 
of plants and open up a wide and fruitful line of investiga- 
tion. 

Chlorophyll Deficiency. 

This factor for depth of green leads to an examination of 
the factors responsible for the production of chlorophyll. In 
the commonly cultivated varieties lethal conditions would 
have had a natural elimination. But in a breeding station, 
where seeds of different varieties from different parts of the 
country are collected and grown side by side they have a 
chance of free mating with each other, from which some 
defective forms will be produced, of which albinism is one. 
All workers on crops have experienced some aspect or other 
of this albino condition. Albinism is the total absence of 
chlorophyll. Partial absence is also met with. In some 
cases this causes death, while in others it acts as a drag on 
hfe without extinguishing it. Even in healthy crops grada- 
tions in the depth of green are met with. An analysis of 
the factors responsible for the production of chlorophyll re- 
veal the presence of a number of factors in maize, the crop 
in which this aspect has been worked out in great detail. 
Albinism has also been found in Setaria italica, Pennisetuni 
typhoideum, and in Paspalum scrobiculatum. In Sorghum 
live types of chlorophyll deficiency have been met with. In 
Eagi two factors designated and either alone or con- 
jointly seem to be responsible for the production of chloro- 
phyll, so far as our present knowledge of it goes. It has 
been found to be possible to isolate the two factors and pro- 
duce albinos at will by crossing them. 

Chlorophyll Efficiency. 

This raises the general question of chlorophyll deficiency, 
as it is graphically seen in the albino, serving to give a clue 
to the all-vital question of chlorophyll efficiency. Under 
non-lethal conditions a placid contentment dismisses higher 
possibilities of building up this efficiency. It is a matter for 
examination whether the vigour usually associated with hybrids 
may not be a form of this efficiency. It is common experi- 
ence that crops vary in the depth of green which they present 
en masse. This is undoubtedly a varietal character. It has 
recently been demonstrated in Sorghum that there is a link- 
age between the factors for Purple Pigmentation and Albinism. 
This again raises the ring of affinities that should exist in 
the purple pigmented variety of a crop, its simple green form 
and the gradation of paler forms down to bleached seedlings 
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emerging to die. The whole scheme opens itself to a sys- 
tematic examination and awaits the expert handling of a 
master Bio-chemist. 


Sterility. 

Chronic sterilityj short of complete sterility, is occasionally 
met with in Eagi. It manifests itself in an almost complete 
failure to set seed and gives the earheads a blighted look. 
Sterile plants grow vigorously, flower late and put forth 
numerous heads. The anthers lack the free and quick pro- 
trusion which gives the healthy earheads that fullness charac- 
teristic of the blooming period. The stigmas are healthy and 
receptive. 

The cause of this sterility is two-fold, (1) Xon-dehiscence 
of anthers, and (2) Agglutination of pollen. In the first type 
of sterility the anthers are of the same shape and size as 
healthy ones. They are full of viable pollen grains, but the 
anther sacs do not dehisce and liberate their contents. In 
the second type of sterility a disintegrated mass of agglu- 
tinated pollen devoid of contents is produced. In both the 
types, however, a few stray grains develop and help to keep 
the race going. Normal dehiscence occurs with the presence 
of factor X. Free pollen is produced by factor Y. Both the 
factors X and Y behave as simple dominants to their absence 
which results in sterility. The X and Y factors are indepen- 
dent of the factors responsible for Plant Purple Pigmentation. 


Fertility. 

This experience is very interesting in that definite genetic 
factors have been traced to account for so vital a condition as 
sterility. As in the case of albinism this raises possibilities 
of attacking and resolving the elusive problem of yield into 
its component parts traceable to genetic factors and thus 
help to grade up fertility. 


Chromosomes. 

Subba Eao has recorded 18 pairs of chromosomes in Eagi. 
Thirteen independent factors, namely Bj, Bg, C^, C 2 , C^, 
D, E, Ij, I 2 , Q, S, X, and Y, have so far been accounted 
for. The rest have to be worked out and located. It is re- 
markable that so far no linkages have been met with. 

In all crop studies it is very necessary to aim at having 
a chromosomal chart of the crop to enable characters to be 
pursued with clarity and crosses designed with effect. In 
this direction lies a vast field for young botanists in the 
coming years. 
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. .Seasonal Adaptability. 

■ ■ Concurrently with the “study of this equipment of the 
characters of the individual Eagi plant, a study has been 
started of the crop as a community. Eagi has the 
reputation of being a cosmopolitan cereal. Its capacity to 
adapt itself to various types of soil is well known. Experi- 
ments designed to throw light on its adaptability to sowings 
at- -different seasons within a year reveal the fact that this 
cereal has a second favourable season for its growth in addi- 
tion to the usual main season. The vicissitudes in yield are 
less- sharply marked in a year, than is the case with Eice, 
which Eagi -replaces under conditions of scarcity of water. 
With a longer duration variety the response to favourable or 
unfavourable circumstances is more marked than with a short 
duration variety. In the case of the longer duration variety 
its adaptability to the second summer season is more pro- 
nounced than is the case with a short one. Yield generally 
increasing with duration, these experiments indicate the neces- 
sity of evolving a strain with a medium duration that would 
ensure a fairly steady yield through the years and yet stand 
a certain amount of unfavourable circumstances or neglect 
within a year. 


Mixture of Strains. 

The intense crop breeding activities of the past quarter of 
a century give rise to certain reflections of fundamental im- 
portance. To a breeder of millets accustomed to an erratic 
monsoon the question arises whether it is not time to deviate 
from the orthodox conception of a pure strain and adapt his 
methods to the more practical end of creating a mixed popu- 
lation of good strains so that their varying adaptabilities may 
ensm’e an evenness of performance through years. An agri- 
-cultural variety has tlie common characteristic of a fair 
amount of evenness in size of grain, height of plant and dura- 
tion of life. Other minor morphological differences are of 
little consequence. From the composition of many of the 
existing varieties that have successfully survived the rigorous 
demands of time, it strikes me whether an abstract search 
.after genetic, purity should not give place, in the breeding of 
miUets, to. the unorthodox method of creating a population 
with possibihties of .crossing with each other in non-essential 
-characters and thus increasing their hybrid vigour with no- 
serious detriment.. to the fundamental attributes that charac- 
terise, a variety. It is a proposition worth considering whether 
the. breeder’s art may not be utilised to spot and .weed out 
the ,uufit individuals and leave the crop community with the 
e7ftc_.of.the population. The matter is otherwise with more 
favourably placed crops. 
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Time-the Arhiter. 

The existing varieties of cultivated plants have been evolved 
through and are the product of centuries of selective influences 
adding to their survival value. Selection is no simple pro- 
cess. To a rare few it is an intuitive gift. To the many, it 
is a perennial game of hide and seek, played with nature. 
Intensive studies in pure lines of any crop may give a num- 
ber of interesting co-relations. Yield is such an elusive factor 
that it is very difficult to make it easily fall in line with these 
co-relations. There are certain conditions in the life of a 
crop when it becomes more or less static. Selection then is 
of no avail. Hybridisation begins where seletstion is bank- 
rupt. Wise and judicious selection again follows hybridisa- 
tion. To one in the business, hybridisation is a simple pro- 
cess made easy with practice. This convenient tool and the 
easy qualitative deductions in simple Mendelian ratios that 
have characterised the mass of output of genetic literature 
in recent years, coupled with the linking up of such experi- 
ments to economic departments like Agriculture with their 
demands for improved strains, creates a situation that leads 
to the quick output of new strains not tested by time. There 
is posterity and the time spirit to judge the soundness of an 
eSort. Premature usherings of ‘ Improved ’ varieties may 
be spectacular, but sooner or later these will find their 
level. Time is the sure arbiter. It is true that aU effort is 
limited to the span of one’s opportunity and active service. 
The time factor ought not to deter effort, but rather 
should it tune up the sense of the ideal in the plant breeder 
that will develop in him the coolness and the vision which 
enables him to build and build soundly on sure foundations, 
with a fervour that checks every gamble with an opportunity. 
It is obvious therefore that apart from the initial verdict 
occasionally elating and often depressing, there is sure to be 
the saner verdict of time, over an effort soundly designed and 
sincerely executed. 
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SOIL SCIENCE. 

1. The study of the lateral moTement of salts in soils. 

Y. A. Tamhane and J. J. Chandaxani, Sakrand, Sind. 

Owing to the advent of perennial irrigation in Sind, a nnmber of 
problems affecting the soil conditions are likely to occur. One of these 
problems is the lateral movement of moisture in the soil along the canals 
and the water courses and the subsequent appearance of soluble salts on 
the surface of the soil rendering fertile soils barren owing to high con- 
centration of such salts. There is no known method of determining if 
the salts actually move laterally from bad land to good land or are only 
brought up from the lower layers to the surface by force of capillarity. 
The present paper conclusively proves that the soluble salts do move 
laterally. The modus operandi 'is as follows : — 

A small pit is dug in the centre of a field ; its bottom is made water- 
tight by cementing the floor. The pit is kept filled with a dilute solution 
of potassium chromate and the distance travelled by the yellow salt noted 
from time to time and confirmed by laboratory tests of the soil extract and 
the rate of migration determined. 

2. A new method for the determination of sodixim in 

saline soils. 

Y. A. Tamhasb a7id M. A. Shama Iybngae, Sakrand, Sind. 

A new short method is proposed for the determination of the in- 
jurious sodium in saline soils. The acidified soil water (1 : 6) extract is 
treated with ammonium chloride and boiling barium chloride and then an 
excess of anunonium carbonate and filtered. The sulphates and the 
excess of barium are thus removed, as also lime. The filtrate is then 
evaporated to dryness, ignited to dull red, cooled, extracted with water 
and titrated against standard silver nitrate and the sodium equivalent of 
chlorine calculated. 

The method includes all the sodium and the potassium also in it. The 
possibility of their separation by weighing the mixed chlorides (KCl and 
NaCI) and titrating the common ion chlorine is being tested, in which case 
it will serve as an easy and direct method for sodium in soils. 


3. Electrodialysis as a simple means of measuring the 
exchangeable bases in saline and calcareous soils, 

J. K. Basu, Busa. 

The presence of Calcium Carbonate in soils has always presented an 
almost insnrmotmtable difficulty in the determination of exchangeable 
bases, specially in soils containing soluble alkali bases. In the method 
proposed, this difficulty has been obviated to a considerable degree. An 
absolute value for the exchangeable bases is, however, obtainable in non- 
calcareous soils. 
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4. A study of profile development in alkali soils with a 

view to reclamation. 

J. K. Basu and B. M. AmiN;, Pusa. 

Prelimmarv investigations into the Salar (Saline) soils of Sind have 
emphasised the importance of a thorough study of the soil profile, its 
origin, development and the movement of the soil bases as affecting the 
formation and the reclamation ot saline soils. 

These investigations have shown that the soil medium is alkaline and 
that the distribution of ions favours the ultimate formation of a solonetz 
soil. 

Study of the exchangeable bases has thrown light on the degree 
of alkalisation in the soils and the ultimate danger in permitting the 
continuation of this process under post-Barrage conditions. Laboratory 
trials have so far yielded very valuable results with respect to reclamation. 

5. Further observations on the soil conditions as affecting 

the growth of sugarcane in the district of Saran in 
North Bihar. 

M. N. Ghosh and H. N. Mukherji, Sabour. 

Burther observations showed that in a year, like the present, of exces- 
sive rain in July which would wash away the soil salts beyond the reach 
of sugarcane roots, the general unheal thiness of the crop might arise not 
from an excess of salts but from a shortage of available nutrients in the 
soil. Canes deeply planted from setts obtained from the most vigorous 
plants of the past year had abundant deep-going root-systems and were 
healthy throughout. The unhealthy canes had root-systems confined 
xpithin a smaller soil area and were unable to produce fresh roots when the 
soil conditions changed according to the changes of weather from dryness 
to wetness and again to dryness. Attack by root-borers and fungii also 
increased the unhealthiness of the crop. The sick canes contained less 
mineral matters than the healthy canes, but they consisted more of alkali 
salts than lime and magnesia. Bemedies proposed are rigorous selection 
of setts for seed, adequate supply of organic matter before planting and 
of soluble nutrients in July and improvement in the methods of cultivation 
and earthing up. 

6. A note on the ‘ Observations on the acidity of Laterite 

soils of the Bombay Presidency’. 

Y. Y. Gadgil, E. M. Hegdekatti, and M. E. Gokarn, 
Eatnagiri. 

Laterite soils of South Konkan are poor in lime, phosphoric acid and 
nitrogen as compared with the soils derived from the trap rock of North 
Konkan. 

The application of organic manure as F.Y.M., green leaves, dry 
leaves, etc., gives decided advantage on the growth of crops, specially 
rice and cannot be dispensed with. 

These soils are acidic in reaction which is corrected by the applica- 
tion of lime and the results in yields run high when plant nutrients 
are supplied in more easily available combinations. 

Bone meal, though mainly used as a Phosphoric manure has direct 
effect on the acid reaction of the soil and thus has greater effect upon the 
grain formation than the other soluble phosphates which counteract the 
effect of phosphoric acid by increasing acidity. 
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The application of bone meal gives higher outturn when applied in 
the presence of heavy doses of easily fermentable ^een leaves of the 
forest vegetation; thus the problem of the increase in yield of most of 
the crops grown on Laterite soils depends on the alkaline reaction of 
manures which should have greater scope. 

The correction of soil acidity by these methods of applying manures, 
requires more thorough investigation. 

7. Some aspects of the growth of rice in heavy blach 
soils of the Central Provinces. 

D. V. Bal and E. X. Misra, Nagpur. 

Some aspects of the growth of rice in heavy soils have been studied. 

Eesults of the mech^anical analyses of the light and heavy rice 
soils of the Central Provinces show that the former possess a lower 
pH value than the latter. 

When a heavy soil formerly under wheat is converted into a rice 
field, the percentage of lime in the soil is decreased and there is also a 
corresponding reduction in the pH value of the soil. 

Experiments on the growth of rice in sand cultures with nutrient 
solutions of different pH values indicate that the rice plant prefers a 
slightly acidic or neutral medium to an alkaline one. 

It is seen from the pot and field experiments that the pH value of 
the soil is lowered by an adequate application of sulphur. 

The results obtained from the pot and field experiments on rice indicate 
that in the case of heavy soils, with a basal dressing of green manure, 
sulphur gives increased outturn, but an annual application of super either 
individually or in combination with sulphur gives decidedly better results. 


ELECTRICITY IN AGRICULTURE. 

8. The response of the strawberry plant to electro- 
cultural treatment. 

S. S. Nehru, Naini Tal. 

Strawberry plants have been treated to high tension spark and im- 
provement in growth and fruit recorded. Further plants have been 
transferred to a radio-magnetic cradle and noticeable improvement in 
growth, tillering, fruit and resistance to virus disease registered. Twenty 
branches with ripening berries caught in a loop or collar of soft-iron 
magnet have yielded earlier, better, bigger and brighter fruit than the 
remaining branches of the same plant. 


9. The response of flower plants to radiomagnetic 
treatment. 

S. S. Nehru, Naini Tal. 

Twenty kinds of flower seeds (Antirrhinum mixed, Antirrhinum 
Black Prince, Acroclinum Bose, -Alyssum Benthamii, Anchusa Capensis, 
Cosmos white, Cosmos pink, Candytuft, Empress white, Cornflower blue, 
Candytuft white, Coreopsis Beauty, Coreopsis brown and yellow, Dian- 
thus crimson, Dianthus Vesuvius, Eschsoltzia, Marigold, Nasturtium, 
Beauty of Waltham, Petunia new mixed, Phlox white. Sweet Sultan 
white) were sown under identical conditions in two adjoining beds, one 
radiomagnetic and the other control. Germination and growth was 
forced up to 30 per cent, in the former. Finally, the flowers were 
better, brighter and more profuse. 
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10. The response of Cotton and Barley to x-ray, violet* 

ray, ultra-violet-ray and radiomagnetic treatment. 

S. S. Nehru, Naini Tal. 

The comparative merits of the three kinds of treatment on the- 
germination, growth, and maturity of Cotton and Barley seed are given. 
G-enerally, x-rayed have done best, but ultra-violet-rays have reduced the 
period of germination from 7 to 4 days. 

11. The response of miscellaneous hill crops to different 

kinds of Electrocultural treatment. 

S. S. Nehru, Naini Tal. 

The seed of miscellaneous crops grown in hills [(Lobhia pulse, (a 
kind of string-bean), Gahat pulse (Doiicos biflorus), Til (Sesamum), three 
kinds, black, white and brown, Kauni millet (Setaria italica), Bhatt pulse 
(Soybean), Mandwa millet (Eleusine Coracana), Mung pulse, Paddy (rice)] 
and peas have been subjected to violet-ray high-tension spark, x-ray, ultra- 
violet-ray and radiomagnetic treatment and comparative results as to 
germination, growth, maturity, yield, etc., are given. Generally, x-ray 
and radiomagnetic cradle are the best. 

12. The response of Tomato Leaf Curl to electrocultural 

treatment. 

S. S. Nehru, Naini Tal. 

Previous tests have shown that leaf curl in chillies can be cured by 
the high tension spark and tickling treatment. It has also been establish- 
ed that atmospheric electricity captured and conducted by means of a 
wireless aerial has effected a cure in the case of cyperus plant. In the 
present tests the above two methods were combined. Tomato plant suffer- 
ing from leaf curl was set up on an insulated stand and connected with 
an li-shaped aerial pointiag E. and W. and N. and S. The results 
after three months have been that a new crop of straight leaves have 
come out and it is expected that leaf curl has been suppressed if not 
eradicated. 

13. The comparative merits of x-ray, violet-ray, ultra- 

violet-ray, high tension spark and radiomagnetic 

cradle for the purpose of electrocultural treatment. 

S. S. Nehru, Naini Tal. 

A comparative picture of results of the response to x-ray, violet-ray, 
ultra-violet-ray, high tension spark, radiomagnetic cradle of a very v^ide 
variety of plants, from the standpoint of (1) Unseasonal character of 
sowing,^ (2) Germination, (3) Maturity, (4) Elowering, (5) Yield, and (6) 
Simplicity and cost of treatment will be presented and the question which 
method suits with which type of plant examined. 

FERTILISERS. 

14. Effect of the contact of chemical fertilisers with 

seeds on their germination. 

Y. G. Gokhaue and P. M. Gaywala, Poona. 

The authors describe the experiment that they carried out on this 
subject during the year 1930-31 at the Agricultural College, Poona, with 
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the fertiliser Sulphate of Ammonia at the rate of 100 Ihs. per acre and 
with seeds of Bajri^ cotton and Shalu-Jowar. Varying degrees of con- 
tact were obtained by applying the fertiliser in more or less nearness 
to the seeds as secured by dibbling and drilling the fertiliser and the 
seed, together or separately. Varying periods of contact of both, under 
dry conditions and those favourable for germination were also tested. 

The main conclusions are : — 

(1) 80 to 100 per cent, of seeds failed to germinate when the 

mixture of seeds and the fertiliser is dibbled in pinches, 
i.e., when the contact was direct and concentrated. Cotton 
seed has suffered the most. 

(2) Drilling of the above mixture effects a marked improvement 

in germination which seems to be due to the partial lessen- 
ing of contact and concentration owing probably to inter- 
vention of soil between the seed and the fertiliser. 

(3) In all other treatments which secure complete break of the 

contact, germination is not affected. 

(4) Keeping the seeds and the fertiliser mixed together in dry- 

conditions up to two days does not injure the germination 
appreciably. 

(5) The failure to germination occurs only when the fertiliser 

comes in close and direct contact under soil-conditions 

favourable for germination. 

15. Further experiments in the use of sine\rs as manure 
for rice. 


Moses Ezekiel, Bombay. 

A paper on ‘ Sinews as a manure for rice ’ was read at the Calcutta 
session of the Indian Science Congress in 1928. This paper further 
confirms the results then obtained. The tentative conclusions then 
drawn are now confirmed. 

‘ Sinews ’ can take the place of ‘ Eab * in rice seed-beds. 

They can be used as a general manure for rice in plots where the 
rice is transplanted. 

‘ Sinews ’ decompose quickly and give a vigorous start to the ‘ Seed- 
bed seedlings ’ and also to the transplanted seedlings. 

According to the analysis of the Agricultural Chemist to the Grovem- 
ment of Bombay, ‘ Sinews ’ contain T2-4 per cent, of nitrogen. A 
manure so easily decomposed and so rich in nitrogen may safely be 
tried for richer crops such as wheat, sugarcane or vegetables with good 
results, more so with vegetables with a leafy crop. 

Perhaps a combination of Bone-dust and ‘ Sinews ’ will give still 
more encouraging results in the outturn of grain, in all cereal crops. 


BIO-GHEMISTRY. 

16. Bio-chemical decomposition of plant residues in the 
presence of certain elements. 

J. Jagaxnatha Rao and V. Subbahmaxyan, Bangalore. 

Ragi straw was decomposed, in the presence of minute quantities 
of elements like Uranium, Titanium and Copper. Even in the early 
days of decomposition there was strikingly a great number of actinomy- 
ces colonies in the one treated with copper, fungi being few in number. 
Also the loss of organic matter was the same in the control and in the 
copper treated ones. This suggests that actinomyces play a great part 
in the decomposition of cellulosic material. 
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The bottles were exposed to direct sun light at interva.ls, for„-24 
hours, and there was no increased ammonification or nitrification in the 
bottles containing photosensitizers like Titanium or Zinc— indicating the 
insignificant part played by these elements in those processes in de- 
composing manures or soils. 


17. ■ Cold storage of mangoes. 

D. V. -Karmarkae and B.- N. Banerjbb, Bangalore. 

Last year’s experiments on preservation at low temperature- have been 
continued this season, at controlled .temperature of 37“C., 27‘'C., 10 “C., 
5®C., and 0®C. Lower temperature retards the respiration rate, but 
humidity and ventilation are serious factors for spoilage. In the last 
experiments, humidity and ventilation were not under control.- Smearing 
the surface with oil or confining in an atmosphere rich in CO^ also retard 
the respiration rate. * Cold helps preservation but at 0® all cell activity 
stops, and mature mangoes kept at 0® do not ripen afterwards. Eipe 
mangoes frozen hard in liquid CO, and kept at 0®, suffer for edible 
purposes from diffusion and evaporation. A ripe mango should either be 
kept frozen, or a mature mango allowed to ripen very slowly at a tem- 
perature of 5 to 10®C. under controlled humidity and ventilation. 


CROPS. 

18. Inhibitory factor hypothesis and inheritance of quanti- 
tative characters in rice (0. sativa). 

K. Eamiah, Coimbatore. 

Previous work on two sets of crosses involving three pure lines, 
AxB and BxG, had shown that plant height and flowering duration 
were ' positively correlated to a very high degree, the short and early 
being, a simple dominant over tall and late in one cross and a simple 
recessive in the other. The four types, short early dominant, short early 
recessive, tall late dominant, and tall late recessive were extracted from 
these crosses and all the six possible crosses among these four types 
were then made, and the paper deals with the results obtained in the 
Pj, Pg and P3 generations of these six crosses. 

■ The Po results are all explainable either on a three-factor hypothesis, 
or on a two-factor one, of which one acts as an inhibitor of the other. 
Although the inhibitory factor hypothesis has been used for explaining 
13:3 ratios of certain qualitative characters in the P^, the three-factor 
hypothesis expounded in this paper appears to be less complicated and 
more suitable for the inheritance of such quantitative characters as 
height of plant and flowering duration. 


19. Some observations on the inheritance in rice. 

S. K. Mitra and P. M. Ganguli, Jorhat, Assam. 

The paper gives a brief statement about the results of a number of 
crosses made on rice at the Government Rice Parm at Karimganj, Sylhet, 
in regard to various characters such as awn, outerglume (length), size 
and shape of grains, glptinous endosperm, panicle, clustering of spikelets, 
double kernel, straw, and flowering (early vs, late). The goodness of fit 
was calculated in each case. 
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20. The relative growth rate of the rice plant under 

different treatments. 

E. H. Dastur, Bombay. 

This work was undertaken to study the relative growth rate of the 
rice plant. The relative growth rate was measured according to the 
formula - 

RGR=l>OgeWi — LogaTT q, 

where and are the dry weights of the plant at the beginning and 

at the end -of a period of time selected. 

Similarly the relative growth rates of the leaves and of the culms 
and roots were also determined separately. 

The leaf area ratio, i.e., the leaf area per unit dry wt. was also de- 
termined. 

It is noticed that the relative growth rate reached its maximum by 
the middle of August. The same was true of the relative growth rates 
of the leaves and culms and roots. 

It is established by Mr. Malkani in the laboratory by analysing the 
culture solutions of at least 300 experiments that the absorption of 
ions decreases as the rice plant ages and the absorption of ions 

increases as the age advances. The absorption of these two ions is 
independent of the absence or presence of other ions. These results and 
-the results of the absorption ratios for these two ions suggest that a 

mixture of and KNO3 would be a better source of nitrogen 

than any one of them used singly or on an equal nitrogen basis. So the 

relative growth rates of the rice plants manured with (1) KNOj, (2) 

(^£[4)2804 and (3) iKN03+|(NH4)2S04 are studied. 

Similarly the relative growth rates of the rice plant manured in 
the three different ways on the 1st August, 1st September, 15th Septem- 
ber and 1st October are also determined with a view to determine the 
best time for manuring. The results show (1) That the nee plants 
manured with the mixture of (^£[4)3804 and attain the highest 

maximum relative growth rates as compared with the plants manured 
with any of them singly. (2) The highest relative growth rates of the 
rice plants are obtained in the middle of August in all cases of manuring. 

It was pointed out that the highest growth of the rice plant when 
manured with the mjxture of (NH4)2S04 and KXO3 might be due to the 
lack of potash in the soil and as the mixture contains K in addition to 
Nitrogen the most vigorous growth takes place in those plants. But the 

subsequent experiments in which KNOg was replaced by Soda nitrate 

again confirmed the above results. 

The carbohydrate analysis of the leaves and of the culms and roots 
of the unmanured plants and the plants manured in the above-mentioned 
manner at five different dates are made. The hexoses, cane sugar and 
starch were estimated in each case separately from the leaves and from 
the culms and roots. Interesting results are obtained which will be 
discussed. 

21. Photosynthetie activity of the. leaves of the rice plant. 

E. H. Dastur and J. J. Chixoy, Bombay. 

As no data has been collected so far as the authors are aware, about 
the photosynthetic activity of the leaves of the rice plant by direct mea- 
surements, this- work was undertaken to measure the rate of photosynthesis 
of the leaves of the rice plant at different stages .of growth. 

The photosynthetic activity of the leaves in this investigation is 
measured in two ways, (1) by determining the carbohydrate contents of 
the leaves in the morning and in the evening, and (2) by measuring the 
absorption of carbon dioxide from the air under controlled and uniform 
conditions of experiments. 
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In the first method the leaves are killed and extracted with alcohol 
with necessary precautions. The sugars are then separated from other 
substances. The starch is hydrolised by taka-diastase and is converted 
into dextrose and maltose. 

All sugars are estimated as hexoses. Cane-sugar and maltose are 
hydrolysed to hexoses before estimations. A calorimetric method of esti- 
mating sugars first used by Follin and Wu and subsequently modified 
by other workers is used in this investigation with further modifications. 

A sample of leaves is taken in the morning and is analysed for carbo- 
hydrates. Another sample is taken the same evening and is similarly 
analysed. 20 such double carbo-hydrate analysis of the leaves are made 
on different days from July to October. On two occasions the leaves are 
analysed from carbo-hydrates every six hours during 24 hours. 

In the second method carbon-dioxide absorption of the leaves of the 
rice plant is measured by the continuous gas current method. A special 
leaf chamber to hold four leaves of the rice plant is devised. Ordinary 
air is used and is circulated through the leaf-chamber at the rate of 
about 100 litres per hour. The carbon-dioxide of the air is estimated 
before and after it passed through the leaf-chamber in two sets of ab- 
sorption apparatus consisting of Beiset Towers containing NaOH solution 
of known strength. 

From the results obtained by the two methods the following periodi- 
city in the photosynthetic activily of the leaves of the rice plant is 
noticed. The photosynthetic activity rises rapidly, soon after transplanta- 
tion. i.e., after about 8 days. It remains fairly uniform in August after 
which there is a depression in September. There is a sudden rise in the 
photosynthetic activity in October and it reaches its maximum during 
that period. There is a big fall in the rate of photosynthesis soon after. 

The same features of the photosynthetic activity are noticed in the 
results obtained by the two methods. 


22. Growing of gaorani Bani cotton in Hyderabad state. 
K. Sawhney and D. V. Naeayanayya, Parbhani. 

Until a few years ago, Hyderalad gaorani {Gossypium indicum 
Lamk.) was the chief variety grown in the Mahratwada districts of 
H. E. H. the Bizam’s Dominions. 

Indiscriminate importation of seed of more prolific short stapled 
varieties from Berar seriously lowered the quality of gaorani cotton 
through admixture. At the present day except in areas far away from 
the railway line, the gaorani crops contain a mixture of namhuri {Gossy- 
pium hirsutum), rosea and cutchica varieties. 

H. E. H. the Nizam's Department of Agriculture is making efforts 
to rehabilitate the gaorani variety by 

(1) distribution of seed (procured from areas famous for gaorani) 

on takavi loans to cultivators; 

(2) by declaring the districts of Nanded, Bidar and part of Adila- 

bad as ‘ Protected Area * under the Hyderabad State Cotton 

Transport Act; 

(3) by the botanical improvement of gaorani cotton with financial 

assistance from the Indian Central Cotton Committee. 

The cultivation of gaorani cotton is described with reference to 
sod, climate, cultural practices, methods of sowing, plant habit, yield 
and economic characters. The most common insect pests and diseases 
are also mentioned. 

^ concluded that with the continuation of the present efforts of 

H. E. H. the Nizam’s Department of Agriculture and the Indian Central 
Cotton Committee, it will not be long before the desired results are 
acmeved. 
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23. A preliminary note on the effect of sowing date on 

growth, flowering and yield on Bani {G, indicum, 
Lamk.) plant. 

K. Sawhney a7id B. B. Mulchaj^dai^i, Parbhani. 

In order to determine the effect of different sowing dates on the 
yield of Bani cotton at Parbhani, individual small beds were sown in 
1929 with the seed of Bani 306. Swings were made on 24th June, 10th 
July, 10th August and 19th August at the Cotton Besearch St^ion. 

Crop sown in the month of August remained stunted, produced 
but few flowers and matured no ripe bolls. Plants sown on 24th June 
attained a height of over four feet as against less than three feet for the 
sowing of 10th July. The number of flowers and bolls produced by plants 
sown m June was nearly twice that of the plants of 10th July sowing. The 
yields of seed cotton per bed was also in the same proportion. 

The August sowings were found to be undesirable, and June sowing 
distinctly better than sowing made in July. 

It is suggested that where the cost of planting seed is only a minor 
consideration, the risk involved in sowing after the first shower of about 
an inch and a half is well worth taking. From the study of the daily 
rainfall records of the past two decades it is surmised that such a step 
would invariably prove successful. 

24. A note on the development of buds, flowers and bolls 

of Bani ((?. indicum, Lamk.) cotton in relation to 
branching. 

K. Sawhkey and B. B. Mulchanbani, Parbhani. 

Development of buds, flowers and bolls of hani cotton in relation to 
branching was studied at Parbhani (Deccan) in 1929. The investiga- 
tion was financed by the Indian Central Cotton Committee. 

Sown on 24th June the plants produced their first buds at the end 
of July. Buds were produced in two flushes : one lasting from the 
beginning of August to the third week of September, and the other from 
middle of November to middle of December. Most of the flowers and 
all the ripe bolls developed from the buds of the first flush. 

Flowering started on 21st August. Flowers on the successive nodes 
on a primary fruiting branch appeared at intervals of 7*67 days, and on 
corresponding nodes of successive fruiting branches at intervals of 2*53 
days. 

The early flowers were the most successful in setting fruit. Flowers 
formed up to 10th October produced 80 per cent, of the ripe crop. Fifty 
per cent, of total flowers matured into bolls. 

Ninety-three per cent, of total bolls were produced by primary fruit- 
ing branches, and an overwhelming majority were home on their first 
two nodes. 

The mean maturation period of buds was 30*7 + *339 days and for 
bolls 42*6 + *354 days. 

25. A note on the root-system of Bani cotton, 

K. Sawhney and D. V. Nar.4yax.ayya, Parbhani. 

A preliminary study of the root-system of bani cotton was carried 
out at the Cotton Research Station, Parbhani, in 1929-30. The roots 
of a set of sis plants of Bani 306 in three consecutive dibbles were 
exposed by slowly washing away the surrounding soU. 

The main features of the roots exposed were as follows : — 

(a) The abrupt ending of the tap root at a depth of six to eight 
inches, 
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(h) The virtual absence of branch roots from the adjoining sur- 
- faces of the tap roots of the plants growmg in the same 
dibble, and 

(c) The confinement of the majority of the tertiary roots to the 
first two feet of soil. 

It is surmised that the superficial distribution of roots was due partly 
to the existence of the hard pan formed by the repeated use of the blade- 
harrow, partly to the wide spacing adopted and partly to the heavy rains 
late in the season. 

The one-sided appearance of the root-systems is believed to have 
resulted from the juxtaposition of two plants in the same seed hole. 


26. Some observations on the ‘ Eed Leaf Blight ' of 

cotton. 

K. SAwmsTBY, Parbhani. 

Bed Leaf Blight of cotton has been known in Hyderabad since long 
as a malady of Buri (G. hirsutum) plants which usually constitute an 
appreciable portion of the hani mixture now grown. It has been ascribed 
to all sorts of soil and climatic causes, but it was only in 1929 that this 
trouble 'was found definitely associated with an attack of jassids. Heavily 
attacked plants when protected against jassids resumed normal growth 
and fruiting, but on removal of the protection they again suffered from 
these insects and developed the usual symptoms of Bed Leaf Blight. 
Varietal difference of resistance to jassids were observed. It is pointed 
out that the hairless condition of the leaf is not always associated with 
susceptibility to jassids. It is also suggested that the palatability of 
leaf-juice is probably one of the chief factors that determine the prefer- 
ence of jassids for a particular variety. The failure of past efforts to 
introduce American varieties in this region seems to have been due 
at least partly to the activity of jassids. Breeding of a type resistant 
to jassids will very likely solve the problem. 

27. Some observations on the Dry Eot (sore-shin) of 

cotton. 

H. Sawhney and D. Y. Narayanayya, Parbhani. 

Owing to inadequacy of available area at the Cotton Besearoh Station, 
Parbhani, the majority of the cotton experiments of 1931 season had to 
be carried out in plots that had been under cotton in the preceding year. 
Drx rot or ‘ sore-shin ’ {RMzoctonia hataticola (Taub.) Butl. took a heavy 
toll in the experiments’ crop. Mortality record showed that the loss was 
.greatest in plots where cotton had been grown for a second time in 
succession and lowest where soil had been left a ploughed fallow in the 
previous year. In addition, varietal differences of susceptibility to the 
disease were noticed. A few strains were found to be comparatively 
resistant, 

^ This investigation was made as part of the cotton improvement work 
which is being &ianced in Hyderabad State by the Indian Central Cotton 
Committee. 

- 28. A note on the effect of fallow borders on the yield of 
' cotton experiment plots at Baghdad. 

Hv Sawhney, Parbhani. 

> An mvestigation into the. effect of fallow borders on the yield of 
cotton experimental plots was conducted at the Government Experimental 
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Farm, Baghdad, in 19*24. The statistics recorded for the 18 varieties in- 
cluded in the investigation gave the following findings : — 

(a) The maturation of the plants of the border-rows was appreciably 
delayed. 

(h) The yield per border-row of every variety was markedly greater 
than its yield per central-row. 

(c) The excess of the mean yield per border-row over the mean yield 

per central-row varied from 35*7 per cent, to 54*8 per cent, 
of the central-row yield and was statistically significant for 
16 out of the 18 varieties grovm. - 

(d) The effect of borders on plot-yield was not uniform for all the 

varieties. The maximum effect was shown by those varieties 
which were characterised by shortness of stature and marked 
lateral growths of plants. 

It is, therefore, concluded that the exclusion of border-rows from the 
plots of varietal experiments with cotton will make the plot-yields more 
truly representative of the yielding power of the varieties tested and will 
enhance the accuracy of varietal comparisons. 

29. On the production of secondary root-hairs on old root- 

stocks of Cambodia {Gossypium Mrsutum). 

T. C. N. Singh, Benares. 

Cambodia is one of the important cottons which has been engaging 
the attention of investigators on account of the physiological disease (Bed 
leaf blight) from which it suffers so very considerably. It is interesting 
to note that root-washings of these plants have shown a peculiar pheno- 
menon in the fact that root-hairs have been found (secondarily formed) on 
old root-stocks in quite a great abundance in addition to those which occur 
normally a little behind the root-tips. The root-hairs thus formed as usual 
like the normal root-hairs, are elongate and unicellular with one nucleus 
in each. 

The significance of this important physiological phenomenon is dis- 
cussed in the fuller paper. 

30. Origin of lint and fuzz hairs. 

Y. Bamanatha Ayyar and G. Seshadri Iyengar, Coimbatore. 

Examinations of the microtome sections of cotton ovules of different 
ages have revealed that (1) formation of lint cells are predetermined and 
the differentiation in the epidermal cells occurs even 16 hours before the 
opening of the flower, (2) the rate of development of these cells varies 
with their location in the peripheral layer of the outer integument, (3> 
crops of hairs continue to he pr^uced even after the day of flowering, and 
that (4) a second kind of hairs is produced from the subepidermal layer 12 
days after flowering. It is suggested that the latter corresponds to the fuzz 
of the mature seed. 

31. Immaturity of cotton fibres in relation to the 

position of the seed in a lock and the length of fibres. 

V. Bamanatha Ayyar and B. L. N. Iyengar, Coimbatore. 

The various factors that influence the production of immature fibres 
are analysed but particular attention is paid to the examination of imma- 
turity in cotton in relation to the position of the seed in a lock and length 
of fibre. 

Three cottons — two of Cambodia, viz., Co. 1 and Co. 2 and one of 
Karunganni, Strain 546, were examined. The results have been studied by 
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the method of the analysis of variance under three heads, viz., (1) Eipe, 
(2j immature, and (3) thin-walled fibres and the following are the conclu- 
sions arrived at. 

(1) There is a definite relation between the length of fibres and the 
proportion of immature and ripe fibres. 

(2) The direction of this relationship varies with the type of cotton. 
In strain 546 immaturity increases with decrease in length while in Co. 1 
and Co. 2 it varies in the opposite way. 

(3) Every increment in length does not produce equal increases or re- 
ductions in the percentage of ripe fibres. 

(4) The distance from the pedicel end does not bear^ any relation to 
the proportion of ripe and immature fibres. Yet each seed in a lock acts as 
an independent distributing centre and produces a definite influence on the 
production of immature and ripe fibres. 

(5) Group lengths induce greater variation in the distribution of ripe 
fibres than the position of the seeds, while it is the positions that contribute 
to the greater variability in the percentage of immature fibres, in Cam- 
bodia cotton. - 

(6) There is a definite interaction between the position of the seed and 
the length of fibres. This relation influences the proportion of immature 
fibres borne on the seed. 

32. Variation in the physical properties of fibres situated 
in the difierent regions of the seed-surface. 

E. L. N. Iyengar, Coimbatore. 

The surface of a seed of seed cotton was divided into six regions, 
viz., (1) the micropyle end, (2) the portions close to the raphe, (3) the 
right side, (4) the back, (5) the left side, (6) the chalazal end. Eibres 
from each of these regions were pulled out by hand and the following 
fibre-properties, viz., (a) fibre-length, (b) fibre-weight per cm., and (c) 
immaturity were determined for them. 

When the results were examined the following conclusions were 
evident : 

(1) Fibre-length. — The micropylar end contains fibres significantly 
shorter than at the other portions, among which no variation is noticed. 

(2) Fibre-weight per cm. — The micropylar end has the greatest fibre 
weight often more than double that of the chalazal end which records a very 
low weight. Among the other regions there appears to be no conspicuous 
difference. The combed waste shows a low fibre-weight. 

(3) Immaturity. — The micropylar end contains a high percentage of 
ripe fibres and a small one of ‘ dead ’ and thin walled fibres. On the contrary 
the chalazal end contains a high percentage of ‘ dead ’ fibres. The im- 
maturity in the other regions shows no great fluctuation. The combed waste 
has a high percentage of immature fibres. 

(4) An examination of the results, with a view to find out whether the 
high percentage of immature fibres at the chalazal end would be sufficient 
to explain the low fibre- weight at that place, showed that it could do so 
only if the fibre-weight of the ‘ dead ’ fibres was very small compared with 
that of the ripe ones. 

83. A new variety, and inheritance of certain characters 
in cotton. 

E. Balasubramanyan, Coimbatore, 

The paper describes an isolated type of cotton, breeding true and 
differing in many characters from the type description of G. obtusifolium 
Roxb. The variety possesses creamy pollen as against the common lemon 
yellow of the other described Asiatic cottons. The difference in pollen 
colour is recorded for the first time in Indian cottons. 
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The inheritance of pollen, and lint colours are followed up to the 
second generation in a cross with a strain from G. ohtusifoUum Eoxb. 
and the results indicate simple monohybrid ratios with cream and yellow 
as allelomorphs in colour of pollen, and white and light red, in colour of 
lint. Identical results obtained in back-crosses confiim the above conclu- 
sions. 

34. Variation in the yields of coconuts and its causes. 

J. S. Patel and K. W. Chakrapani Marar, Coimbatore. 

A coconut tree normally carries three years' crop in its crown. The 
rainfall of one year influences the crop production in the third year by 
affecting the female flower production. 

Yearly yields of coconuts are correlated with north-east monsoon rains 
of two years and hot weather rams of the year previous to the harvest. 

These rams benefit the crop by increasing the bunch and female 
flower production. The percentage of setting is low during wet months. 

It appears that substantial mcrease in the yield of coconuts could be 
effected by irrigating palms during dry weather. 

The "trees in a coconut plantation could be classified into heavy, 
medium or poor bearers according to their average yields. These groups 
appear to be genetically different. 

Alternate-bearers yield heavily in alternate years. Other irregular- 
bearers are erratic in their yields. 

35. The value of local varieties in plant breeding and 

the danger of losing them. 

G. L. Kottltr, Dharwar. 

India is agriculturally one of the oldest countries in the world. 
Many of her crops are cultivated from times immemorial and as a result 
of this they are highly acclimatised. The farmer generally sows his own 
seed and sometimes he even selects it. But his crop is genetically very 
complex being a mixture of many types. By selecting the high yielding 
types the varieties have been improved in many cases by present-day 
breeders and these improved varieties are now replacing the old ones. The 
latter still contain much valuable material which has a use in breeding. 
Very often it includes such characters as resistance to disease which are 
noticed only in certain years. In such cases the local varieties come to 
the rescue when the improved types fail all of a sudden. Again the breeder 
has to select his variety or type not only for one character but for many 
other characters also. This is possible only when the number of varieties 
and types is large. Bor all these reasons it is desirable to maintain the 
local varieties and something requires to be done in this direction before 
they are completely ousted. 

ANIMAL HUSBANDRY (Including Pastures), 

36. An experiment on mineral assimilation from two 

typical fodders. 

E. J. Warth, a. Yiswaxath Iyer, and X. Krishna Ayyar, 

Bangalore. 

In this experiment two fodders, namely, Bagi straw and hay were 
compared. Four bullocks were maintained on each fodder. The experiment 
was divided into three main periods. 

1. A long period on the fodder without mineral supplement. 

2. A period in which the fodder was supplemented with Calcium 
Phosphate. This test was intended to determine whether assimilation 
could occur in the absence of green fodder vitamins. 
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3. A period in which the fodder was supplemented with Calcium 
Phosphate and green food. This test was intended to determine whether 
the addition of green fodder led to further assimilation. 

X)uring each period, numerous determinations of the mineral balance 
were made. The following points have been established : — 

(1) The Ragi straw samples contained more lime and PgOj and also 
gave better assimilation than the hay sample. Assimilation of these miner- 
als is therefore very largely dependent upon the amount present in the 

food. _ 

(2) During a long continued feeding test there is a strong tendency 
towards diminishing assimilation, resulting in negative balances. 

(3) Feeding of Calcium Phosphate at this stage led to marked assimila- 
tion of P2O3 in the absence of green fodder vitamins. The evidence relat- 
ing to lime assimilation is not clear. 

(4) The addition of green fodder vitamins did not })ring about further 
assimilation of PaOs or lime in the case of the Eagi straw ration. In this 
case the losses of these ingredients were therefore made good by feeding 
Calcium Phosphate alone. 

37. An experiment to determine the effect of hippuric 

acid excretion on the nitrogen balance. 

F. J. Warth and N. C. Das Gupta, Bangalore. 

Previous work by us has shown that hippuric acid production is 
dependent upon the fodder. Certain fodders produce large amounts, while 
other fodders produce small amounts. Two fodders were selected yielding 
large and small amounts respectively. 

A long period feeding test was carried out with these two fodders using 
four bullocks for each. Periodically the amount of protein was varied, 
sometimes increased, sometimes decreased. The nitrogen balance was 
determined at each stage. 

The experiment shows definitely that more protein is required to main- 
tain a nitrogen balance, when the hippuric acid excretion is high. Pull 
data are given. 

38. Silage investigations at Bangalore. 

T. S. Krishnan, Bangalore. 

Effect of the stage of maturity on the ensilage of Jowar. 

Ensilage of Jowar {Sorghum vulgar e) was carried out at the following 
stages of maturity : — 

1. Immature. 

2. Prime. 

3. Dead ripe. 

In all cases the changes taking place in the various organic and in- 
organic constituents during ensilage were followed. The effect of varying 
the fillmg conditions on the quality and yield was also investigated. 

With the immature plant, the silage, though relished by cattle had a 
tendency to become sour. With the prime plant and the dead ripe straw, 
however, good brown silage well relished by cattle, was produced. 

The dry matter losses were about the same in the various pits in spite 
of the wide variations in the stage of maturity of the plant. The different 
constituents, however, showed variations in the degree of loss according to 
the age of the plant at the time of ensilage. 

The inorganic constituents, however, behaved not very differently in 
the various -stages of maturity. 

The best silage was obtained from the prime plant, though the 
process had the most beneficial effect on the dead ripe straw. 
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89. Preliminary experiment on the digestion of fats. 

P. A. Seshan, Bangalore. 

The nature of the fat ingested and the corresponding fat excreted in a 
number of feeding experiments has been studied. 

Considei'able differences Lave been noted. The data obtained indicate 
that certain fractions of the food fat are more readily assimilated than 
others. Por example it has been found in several cases that the unsaturated 
fatty acids are very readily assimilated, whilst generally the unsaponifiable 
matter appears to escape assimilation to a great extent. 

40. A study of pastures and meadows at Hosur. 

T. Murabi, Hosur. 

Introduction. — Classification of existing pasture in this country and 
at Hosur. 

Types of grasses . — ^Botanical survey of grasses in the different types of 
pastures. 

Quality and quantity of pastures . — ^Discussion of factors affecting same. 
Competition between species explained. 

Study of root system of grasses. — A, preliminary study made. 

Manurial experiments . — ^Explained. 

Intensive manuring and intensive system . — Experiments discussed. 

Artificially dried grass . — Process and feeding experiment explained. 

Silage and hay. — Explained. 

Grazing^ effect of fencing and palatibility. — Pasture complex and animal 
complex discussed. 

41. The necessity for more extensive scientific develop- 

ment, closer co-operation and strict specialization 
in Animal Husbandry work for the proper economic 
exploitation of Livestock and Animal products in 
India. 

A. Olver, New Delhi. 

After indicating that financial provision for Animal Husbandry work 
is far greater in other countries, proportionately to the number of 
domesticated animals maintained, the author gives figures to show how 
immensely valuable animal products are to India and how inadequate 
the present arrangements for Livestock Improvement are. He shows 
that far greater economic benefit has been obtained from livestock in 
countries where animal industry has been developed on modem scientific 
lines, under the direction of scientifically train^ specialists in Animal 
Husbandry. Emphasis is laid on the pressing need for closer co-operation 
of all the departments concerned with livestock in India and the necessity 
for independent budgetary provision for Animal Husbandry work of ail 
kinds so that reasonable certainty may be assured, for carrying through 
such long range co-ordinated programmes of livestock improvement as 
are essential to success in dealing with the large slow breeding animals 
of the farm. 


AGRICULTURAL ZOOLOGY. 

42. Bionomics of some thrips injurious to cultivated plants 
in South India. 

T. Y. Eai^lakrishxa Ayyar, Coimbatore. 

Until about fifteen or twenty years ago our knowledge of the insects 
known as ‘ thrips ’ inhabiting the Indian region was very meagre, and 
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consequently hardly anything was known of the economic mportance of 
these animals. This might be realised from the fact that in 1915 when 
the writer started work on the sy sterna tics of this group, there were 
altogether only fourteen species of ‘ thrips ’ known from India as against 
1*26 species listed by the writer in 1927 in his memoir and a further addi- 
tion of sixteen species in a recently issued paper. In this connection it 
may be gratifying to note that the earliest record of ‘ thrips ’ from India 
was from specimens collected in this state (Mysore) and described by New- 
man in 1856. As regards the economic aspect of the group it is further 
evident that previous to 1915 we find only a solitary record of a definitely 
named ‘ thrips ’ noted as injurious to a crop, and that was in connection 
with a report sent to the Indian Museum by the Madras Board of Eevenue 
of a thrips attacking the turmeric plant in Madras in 1889; this insect 
remained unidentified for over 20 years until 1912 when it was described by 
Bagnall as a new species. Since then no thrips of any economic importance 
was recorded from S. India for many years. In 1915 the second ‘ thrips ’ 
pest was discovered by the writer on paddy in Chingleput and this was des- 
cribed as a new species by Williams. Closely following this second record, 
in the course of the writer’s studies it became possible to note some more 
forms possessing some agricultural importance; and with the then data 
available a paper was read before the recent session of the Congress at 
Madras in 1929 under the title ‘ The economic status of Indian Thysanop- 
tera ! containing an annotated list of thrips noted on various plants in S. 
India. 

This present paper which embodies some of the results of further 
studies in the same direction is intended to present in a connected and 
brief manner some of the observations and notes made on the bionomics of 
some of the S. Indian species which have been found so far to deserve the 
status of pests. 

Following a few brief remarks on the general organisation and the 
habits of thrips m general the author deals in a non^technical manner with 
the bionomics of about a dozen species of S. Indian thrips which have been 
found injurious to cultivated plants. Some notes are also added on the 
possible lines of control measures against injurious forms based on experi- 
ence so far gained. The paper concludes with a few observations on the 
necessity for better and further knowledge of these little known insects 
especially of the injurious forms in view ♦of the fact that some of them are 
becoming important pests and also in view of the possibility of some of 
them becoming vectors of virus diseases of some important plants. 

The species dealt with include ; — 

1. Chillies thrips — Scirtothrips dorsalis H, 

2. Onion thrips — Thrips tahaci L. 

3. Bice thrips — Thrips onjzae TF. 

4. Grape and rose thrips — Rhipiphorothrips criienaiatiis H. 

6. Sugarcane tlirips — Bregmatothrips Ramahrishnae B. 

6. Banded-wing thrips — Heliotlirips indicus B. 

7. Cacas thrips — Selenothrips ruhrocinctus G. 

8. Green house thrips — Heliotlirips hacmorrhoidalis B. 

9. Turmeric thrips — Panchaetothrips indicus B. 

10. Mimusops thrips— Arrhenothrips Ramakrishnae H. 

43. A fish pest of fields along the Coromandel coast. 

T. Y. Eamakrishna Ayyar, Coimbatore. 

While many of us are aware of the injury occasionally caused to paddy 
fields by crabs in different tracts, especially in some of the delta tracts of 
the Coromandel coast, it might be a surprise to at least some of us to be 
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told that there is a fish which has been noted as injurious in some of these 
tracts. This creature which is known as ‘ Anakuthupampu ’ in tamil (and 
the damage it causes being known as Ramasuli in Telugu) is an elongated 
fiattish creature generally believed to be a water snake. The animal is 
really a fish and belongs to the group of fishes called ‘ eels This creature 
generally inhabits the estuaries and tidal streams along the coast and is 
often found to travel inland into the channels and streams during ebb tide. 
Though it has been noted as a pest till now only in the coast of S. Arcot 
and in the Godaveri delta, the creature has a wide distribution and is one 
of the commonest species of eels found along the Indian coasts. 

The nature of damage done by this creature does not, as in the case 
of most other pests, consist in any direct injury by the creature feeding 
on the plants or causing them any mechanical injury, but it is an indirect 
harm caused by numbers of these eel fish burrowing into and makiug wide 
passages connecting the' paddy fields containing fresh water on one side and 
the adjacent salt water channels or tidal streams on the other. This causes 
the salt water from these latter to enter the paddy fields and affect the 
growth of the plants ; due to the ill effects of salt water the plants get 
"scorched and often die. The damage is thus described by a cultivator 
near Chidambaram : — ‘ The snake bores through the flat bund of the 
uppanar eleven feet wide-under-ground and gradually the bund weakens in 
several places causmg sudden breaches allowing inroads of salt water 
getting into the paddy fields and polluting the clear water on account of 
which the plants become scorched and finally wither; lands to the extent of 
500 acres are thus affected by the overflow of salt water through holes and 
passages made by the snakes called * Anakuthu{>ampu ’. Though it was 
only recently that this creature was reported as a pest in paddy fields, 
it was known to the writer as a pest in a different role as early as 1918. 
In March 1918 a report was received from the Commissioner of Salt and 
Abkari, Board of Eevenue, Madras, to the effect that some of the salt pans 
and condensers in Ganjam and Godaveri were being damaged by crabs 
and a burrowing creature causing injmy known as Ramasidi in Telugu. 
The writer had the privilege of visiting these tracts to investigate the 
reported damage in April 1918 and it was then that this Ramasuli pest was 
found to be an eel -fish and evidently the same as the Anakuthupampu I 
The injury caused to salt pans by this creature consisted in the brine, 
which is let into the salt pans and condensing plots for evaporation and 
salt deposition, getting drained off through the holes and passages made 
by crabs and eels either into the subsoil water or into the adjacent salt 
water channel; in this way no salt is allowed to be deposited. Thus this 
eel has been noted both as a pest of salt pans and paddy fields. 

This eel fish has been definitely named as the common boring eel 
Opichthus horo. In this paper brief remarks are added on this creature — 
the damage it causes and possible suggestions for control. The main 
object of the paper is to bring to the notice of agriculturists the existence 
of such a novel pest so that any one having opportunity to come across this 
creature in future may be able to add to our knowledge of the habits of 
this little known creature and devise really effective methods of control. 


44. Pests of Ganja {Cannabis Sativa). 

M. C. Cheriax, Coimbatore. 

The paper deals with the pests of the Ganja crop the more important 
of which are Tetranyclius telarius (Mites), Chloridea obsoleta and Amyna 
octo (Caterpillars), Microtermes obesus (white ants) and Dolycoris indicus 
and Nezara vindula (plant bugs). Detailed life-history notes and remedial 
measures are given for these pests, especially the mites. Short notes are 
also given on the other pests. 
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45. The Gbolani Mite {Paratetranychus indicus on 

Sorghum) . 

M. C. Cherian, Coimbatore. 

A detailed study is made of the .Cholam Mite under the following 
headings : — 

Life history, 

Parthenogenesis , 

Method of spread, 

An30unt of loss. 

Distribution in the Madras Presidency, 

Alternate host plants. 

Effect of weather conditions. 

Natural enemies, and 
Methods of control. 

46. Some experiments on the control of the root-gall 

nematode Heterodera (Gacoyiema) radicicola (Greef)« 
Muller in South India. 

P. N. Krishna Ayyar, Coimbatore. 

The study of the plant feeding nematode Heterodera (Caconema) 
radicicola has been little advanced in this country in spite of its great 
economic importance. During the past nearly ten years the writer has been, 
though intermittently, bestowing some attention towards the study of this 
pest in all its bearings including methods of control. The results of some 
preliminary observations have been recorded in a previous paper on the 
subject contributed to the Indian Science Congress in 1925. In that paper 
the main features in the life history of the pest, its occurrence and distri- 
bution in South India, the symptoms and nature of the disease caused, 
with its range of host plants in ^uth India have been briefly outlined. It 
is the aim of this paper to present the results of further studies as also 
of certain preliminary experiments conducted during 1924: to 1926 in com- 
bating the pest under South Indian conditions. Perhaps this experiment 
on its control is the first of its kind attempted in India, The experiment 
includes various treatments by chemical, heat and cultural means of the 
infested soil in order to find out the most effective weapon of fighting it. 
The results obtained, though admittedly unsatisfactory and inconclusive in 
some respects, have served to throw some light on various fundamental fac- 
tors involved in its control. It is evident that though the pest cannot be 
completely eradicated by these methods, the population of 'the nematodes 
and consequently the damage to economic crops can be greatly reduced by 
such means though for temporary and varying periods. The relative values 
of the different treatments are indicated as* far as could be ascertained 
from the few trials made. Among these such methods as partial sterilisa- 
tion, trap crop, lime, formalin and carbon bi-sulphide have been tenta- 
tively observed to show increasing efficacy in the order of enumeration. 

The writer has also noted some plants which may be described as 
non-susceptible or nematode-resistant in South India. Among these 
Oholam, Red gram and Maize may be mentioned which can be utflised to 
advantage for crop rotations in Heavily infested localities so as to sterilise 
soil gradually by starving out the nematodes in the soil. A detailed 
study of the host-history of the particular population of Heterodera radici- 
cola experimented with, has been made along with some aspects of the 
conditions favourable to its multiplication and means of dissemination 
in^ South Indian conditions. A more or less exhaustive list of substances 
Med in various parts of the world by past investigators in soil sterilisation 
is added indicating their concentrations and relative efficacy wherever 
possible. Eurther notes on its distribution and the extended range of host 
plants recently noted, have also been presented. 
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47. The coconut caterpillar NepJiantis serinopa Meyr, in 

Cochin. 

C. S. Yenkatasubban, Trichur. 

The pest Nephantis serinopa Meyr. first appeared in Cochin State 
in the year 19*24, all along the coastal regions. There is eTidence to show 
that it has come from Kayamknlam, a centre of infection in the adjoining 
Travancore State, along with coconut fronds carried by the phenomenal 
floods which occurred in these parts in August, 19*24. Nearly a lakh of 
coconut trees were severely affected, all except the few topmost leaves 
being dried up and skeletonized. The infection was successfully combated 
by the removal and burning of all the infected leaves. This o]^ration 
killed none of the trees and they regained their health and productivity in 
two years. Parasites Stomatoceres sp., Elasmus sp., Microhracon sp., 
Bethylid sp., and Eulopid sp. are present, besides two predators, a carabid 
beetle, and an anthocorid bug. Under normal conditions these keep the 
pest under control, but during the hot months their numbers are consider- 
ably reduced. This explains why the pest increases and spreads after 
every hot season. Since 19*24 the history of the pest has followed a more 
■or less regular course, viz., fresh outbreaks at the close of every hot 
season, and subsidence during the rest of the year. Operation of the trees 
soon after a fresh attack, reduces the pests greatly without appreciably 
affecting the number of its enemies. These natural enemies alone can 
control the pest, but the process is rather slow, and there is the danger 
of its spread to new areas. The above treatment helps to obviate these 
difficulties. As a result of the vigorous campaign of the State Agricultural 
Department, the pest is now not so serious as before. 

48. !^Ianurial requirements of lac hosts. 

S. Eanganatham, Namkum. 

The successful and continuous exploitation of host trees for lac crops 
would require periodical additions to the soil of such of the fertilising 
elements as are removed in the crops. The relative importance of parti- 
cular manures would also depend on the species of host utilised. Brood 
lac collected on Kusum Ehair and Palas. trees for two or three seasons 
have been analysed, separately as refuse sticks and lac encrustation, for 
inorganic constituents. From the analytical data obtained the probable 
role of Calcium and Phosphorus in lac cultivation has been indicated- An 
approximate estimate of the loss to the soil of the different nutrients has 
been worked out for each of the three hosts. 

49. Comparative study of lac hosts with special reference 

to Acacia Catechu and Cassia florida, 
jA. K. Thakxtr, Namkum. 

Comparative study of the two hosts was made both bioc^mically and 
morphologically. From the point of view of the chemical analysis of the 
two plants, it was found that the bad host, e.g., Cassia florida gave higher 
figures than the good host — Acacia Catechu. The sap in Cassia florida was 
found to be more acidic than that in Acacia Catechu ; similarly the sap- 
density of the former was greater than that of the latter. Other host plants 
were tested for these factors and similar results were found. 

50. Agricultural economics of pig campaign costs. 

P. N, Bhide, Poona. 

The note is meant to dispel the impression that the Agricultural Depart- 
ment’s pig- work is very costly. The impression is due to taking the 
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‘ kill ■ for calculating costs as basis. Why this basis is not proper and what 
should be the proper basis is pointed out. 

It is stated that money spent by people readily is no additional burden 
but a cheap insurance by which the following results are obtained f— 

(1) better health of community; 

(2} tremendous diminution of anxiety of night-watching ; 

(3) assurance of hitherto precarious food-supply. 

The results (immediate and remote) on pig and on^ crops and ultimately 
in better condition of the farmer are explained and illustrated. 

Definition of cost per ‘ kill ’ is attempted ; averages of all campaigns 
and each campaign in the three typical covers in Deccan are shown on 
graphs and campaign periods and continuous working is explained. What 
items are constant and what are the variables in the actual cost are explain- 
ed with reasons and how attempts are made to economise still further 
the actual cost is explained. 

An instance is given of the limit that farmers would go to in killing one 

pig. 

The note concludes with a statement ‘ substantial help is given by 
(rovernment in bearing all supervision charges and also part expenses ’. 


BACTERIOLOGY. 

51. Studies on bacteriophages of the root nodule organisms. 
S. Y. Besai, Pusa. 

A method has been evolved by which bacteriophages have been 
isolated from roots of many leguminous plants. Various media have been 
tried and it has been established that media suitable for isolation of the 
bacteriophage are unsuited for enhancement of virulence and vice versa. 
The formation of plaques has been invariably observed. Two types of 
plaques have been met with. The formation of two different types of 
plaques depended upon the kind of the growth of the organisms and the 
previous history of the bacteriophages and not on the inherent nature of 
the bacteriophages. The bacteriophage giving one type of plaques may be 
made to give plaques exactly like the other type when grown with a suit- 
able strain of the organisms showing that all bacteriophages of the nodule 
organisms represent one primary bacteriophage. 

Bacteriophage of these organisms showed a modified form of Twort’s 
phenomena which took place when a colony of the organisms was touched 
with the bacteriophage. The appearance of the colony changed from raised, 
opaque, pearly, white, slimy and glistening one to flat, transparent, bluish 
and slightly granular one. The bacteriophages were not particularly specific 
in their action. Not only all the strains of the corresponding organisms 
were attacked but the bacteriophages could be trained to attack any 
organism derived from widely different species of leguminous plants. The 
bacteriophages were heat labile and a temperature of 75 ®G. for 5 minutes 
served to inactivate them. The progressive rate of lytic action showed that 
organisms were at no time completely destroyed even when the bacterio- 
phage was of maximum virulence. Secondary growth occurred in all 
liquid cultures which had become clear by the action of the bacteriophage. 
Secondary cultures showed some resistance to the action of the bacterio- 
phage but they lost this resistance if cultivated for one germination in 
absence of the phage. The separation of the organisms from the bacterio- 
phage was difficult; only repeated planting was successful if the contact of 
the organisms with the bacteriophage was not of long duration. 
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METEOROLOGY. 

52. A preliminarv note on the meteorological conditions at 

Parbhani (Deccan). 

K. Sawhney and Y. K. Bederker, Parbhani. 

Air and soil-tempera tnre records collected at the Cotton Eesearch Sta- 
tion, Parbhani, in the year ending 31st August, 1931, and rainfall records 
for the last 2*2 years were analysed to form a connected idea of the climate 
of the locality. The results of the examination may be stated as follows : — 

(1) March, April and May are the hottest months of the year. With 
the arrival of the monsoon early in June the weather becomes temperate, 
and, except for a spell of heat in October, remains so for the rest of 
the year. There is no real cold weather. The lowest temperature of the 
year (42®Fj was recorded on 22nd December. 

(2) Except during the hot season, the soil temperatures invariably 
increase with the depth. In hot weather the temperature at one- foot depth 
is higher than at greater depths. Temperature below one-foot level shows 
a narrow annual range. 

(3) Average annual rainfall is 33*48 inches. Over four-fifths of tliis 
is received from June to September. North-east monsoon contributes a 
minor and highly erratic proportion of it. 

(4) From mid-April to mid-October the wind-direction lies between 
south-west and north-west: in the remaining period it fluctuates between 
south-east and north-east. 

(6) Belation of climate to crop production is briefly indicated. 

STATISTICAL METHODS. 

53. Some statistical deductions arising out of the past and 

the present wheat position in India. 

M. Yaidyaxathan, Simla. 

Present world wheat position — statistics of production, net exports or 
imports of wheat in the chief countries mvolved in wheat trade (graphs). 
Available statistics of utilisation of wheat in the various countries. Indian 
statistics of production, net exports or imports of wheat for the past thirty 
years (graphs). Estimates of consumption of wheat in India based upon 
a statistical ‘ fit ’ to a long series allowing for the change in population. 
Estimates of stocks and carry over of wheat in India by a process of 
triennial averages. Statistics of per capita utilisation of wheat, and compet- 
ing crops (Rye, Maize and Rice) in several codntries. World’s wheat 
crop in relation to prices at Liverpool and Earachi irom 1904r-1931. Statisti- 
cal relations between the monthly prices of Manitoba at Liverpool and the 
progress of arrivals of American, Australian and Argentine wheat. Multiple 
correlation between the Liverpool price and (1) estimated world stocks, 
(2) world production, and (3j movement. Weekly prices of Punjab wheat 
at Karachi for the past thirty years graphically illustrated. Statistical 
relation between wheat prices and index number of general wholesale 
prices in India. Effects of elasticity of demand on prices based upon 
weekly arrivals at Karachi. Loss or gain by holding wheat till next crop 
(graphically illustrated). Statistical relation between spot and future prices 
in Karachi market. Points of agricultural interest, average produce per 
acre and cost of cultivation of wheat in some countries. A few aspects of 
recent progress in the cultivation of Indian wheat. Influence of milling 
and flouring of wheat in the wheat trade, with reference to Indian 
wheat. Incidence of railway and sea freights in the movement of Indian 
wheat (graphs). Some features of controlled marketing of wheat adopted 
in different countries. A few data on incidence of a differential cost to the 
producer of wheat at Lyallpur. Economic setting of the problem of wheat 
production and trade in India, and statistical inferences. 
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54. The effects of a plot arrangement on the estimated 

random error illustrated from Indian experimental 

data. 

M. Vaidyanathan, Simla. 

Introduction . — Methods of measuring systematic? and random variations 
in terms of total soil variation in field experimrentation. The effect of a 
systematic arrangement on the estimate of random error. Illustrations of 
Latin Square arrangements in Indian farms, affecting the estimates of 
residua] variance. Estimates of systematic variation and random errors 
deduced from the Lyallpur Farm lay-out (replicated manurial experiments). 
Examination of the estimated errors in different kinds of scatter, such as 
(1) ABACAJBA, etc., (A control), (2) BCABE ABACA, etc., (A control), 
and (3) BCDABGDA, etc., (A control), illustrated from Bihar and Orissa 
experimental results. The need for the introduction of a correction factor 
to eliminate the over-estimate or under-estimate of the random error in 
different schemes of lay-out. Suggestion of the spreading of plots to 
eliminate the error of this estimate. Conclusions. 

55. A statistical note on the significance of certain rice- 

breeding experiments in the Central Provinces. 

P. C. Mahalanobis, Calcutta. 

B. N. Hahta and B. B. Bave recently published the yield figures of 
certain new hybrids reared by them {Ind. Jour. Agri. 8c. ^ Yol. I, 
Part III, 1931). In the present note these yield figures are analysed by 
E. A. Fisher’s method of ‘ analysis of variance ’ and the significance of the 
results is discussed in detail. 

56. A statistical note on the comparison of mean values 

based on small samples. 

P. C. Mahalanobis, Calcutta. 

The classical theory of errors is based on the assumption that the size 
of the sample is large. This theory cannot be legitimately used for the 
comparison of statistics based on small samples. A brief r4sum6 of 
recent advances in statistical theory of small samples is given in the 
present note, Betails of numerical calculations and new auxiliary tables 
are given, and the application of the method is fully illustrated by the com- 
parison of the ‘ percentage success of flowers opening on bolls ’ for five 
different strains of Surat cotton for which the primary data were very 
kindly supplied by Mr. K. V. Joshi, Cotton Physiologist, Cotton Eesearch 
Laboratory, Surat. 

57. A. first study of sampling experiments on the effect 

of systematic arrangements in field trials. 

P. C. Mahalanobis, and S. S. Boss, Calcutta. 

Olof Tedin has recently shown {Jour. Agri. Sc., Vol XXI, Part 11) 
that systematic arrangements in a 5x5 Latin Square has a small but 
significant effect on the residual error. In the present paper it is sug- 
gested that this effect is due to the occurrence of patches of greater or less 
fertility which affect a few adjoining plots (and thus produce a small 
correlation between their yield) but are not large enough to extend uninter- 
ruptedly over appreciable portions of the field as a whole. Sampling experi- 
ments have been devised and made to test this possibility, and a preli- 
minary report of expriments on a 5x5 Latin Square arrangement is sub- 
mitted in this paper. 
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Ok the diefebentiability of the indefinite integeal 

AND GEETAIN SUMMABILITY CBITEEIA. 

Introductory and Historical. 

1. The subject which I have chosen for my address is the 
differentiability of the indefinite integral and certain summa- 
bility criteria involving the question whether for a particular * 
value of the variable a given indefinite integral has a differ- 
ential coefficient. In order to make clear the type of problems 
to be considered by me this morning, I may mention the 
following : — 

If F{x) denote V f{t)dl^ does ^'(0) exist when 
"'o 

f(t)=Gos j or -7 cos — ? 
t t t 

Is Lebesgue’s criterion for summability (Cl), viz.. 



satisfied, for the case of the Fourier series corresponding to a 
function /(a;) such that 

/(a;-h2i)+/(a;-2e)=cos - 

t 

in the neighbourhood of i=0 ? 

2. The history of the problems typified above is rather 
brief. It was in the lectures, delivered at the University of 
Pisa by TJlissi Dini in the early seventies of the last century, 
that the question of the differentiability at a; =0 of the indefi- 
nite integral F{x) for an integrand f(t) which does not give 
/( + 0) or /( — O) was first considered. Dini emphatically 
asserted that F\0) could not exist in such a case and the 
assertion of Dini was equally emphatically endorsed by J. 
Thomae in 1875 in the first edition of his Einleitung in die 
Theorie der bestimmten Integrate. When Dini’s lectures Fonda- 
menii per la teorica deUe funzioni di variabili reali was translated 
into German in 1892 and appeared as Grundlagen der Theorie 
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der Functionen einer verdnderlichen reellen Grosse the opinion 
of Bini was reproduced * without any modification. It was only 
in 1893 that Thomae corrected his own and Dini’s mistake in 
the paper, ‘ Ueber die Difierenzierbarkeit eines Integrales nach 
der oberen Grenze which appeared in the Gottinger Nachrichten, 
by proving that in some cases F'{0) would exist even if /( 4* 0) 
and/(-0) did not exist. For examples, Thomae gave 

1 - 1 
/(<)=cos-, /(«)=e^sin-. 


In the year 1923, Dr. L. Narayan f studied the subject and 
soon after that I undertook a thorough investigation of the 
question. 

As regards the validity of certain summability criteria, I 
may mention briefly the facts, that the criterion for summa- 
bility {G 2) was given by Prof. H. Lebesgue in the form 

Lim * 2 “ I <h{t)dt:=0 

and that for summability ((7 1) in the form 


in each case standing for 

f{x 4- 2t) 4-/(aJ - 2t) - 2S, 

the Fourier series in question being that which corresponds to 
f{x) and S being the Cesaro sum {G 2) or (G 1) as the case 
may be. 

The first writer who expressed any doubt about the efficiency 
of Lebesgue’s second criterion for a case like that in which 

^{t)=cos 

was Professor Leopold Fejer who stated in a paper published in 
the Gott, Nachrichten { in 1925 that 


f 


^{t) 1 dt=L0, 


Lim - 
^=+0 2! 



dt 


* See e.g., p. 36S. 

t See Froceedings of the Benares Mathematical Society ^ Vols. 4 and 5. 

% * Ueber die arithmetischen Mittel erster Ordnung der Fourierreihe ’ ; 
see p. 2 of the paper. 
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did not exist, and that therefore nothing could be said about 
summability (0 1) in the case of 

^(f)=cos I , 

as Lebesgue’s criterion was not satisfied. 

^Mistakes of a similar character were made in connection 
with criteria for strong summability by many other writers, 
including Professors T. Carleman, * G. H. Hardy, and J. E. 
littlewoodl, in papers published in the Proc. L.M.S. in 1927 
and before. 


Differentiability of the hidefiniie Integral, 

3. After giving you a brief introductory and historical 
sketch of the subject of my address, I proceed to consider the 
two parts of it separately and shall begin with the first part, 
viz., the differentiability of the indefinite integral. 

That 

eosjd^ 


has a differential coefficient for a?=0, is seen at once from the 
equation 


= - cc^sin ^ + I 2tsm\dt; 
X ] t 


for, the part a:%in - as well as 


1 


2t sin i dt 

b 


has a differential coefficient 0 for a?=0. 

4. Generally, if 

/(0=cos ^t), 

where is monotone, we have F\0) existent or not, according 
ast 




* ProD. L.M.S., S. 2, Vol. 21. 
t Proe. L.M.S., S. 2, Vol. 26, pp. 273-287. 
j See the note at the end of the address. 
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or - 

Proof : — 

(a) Let ^(t) s^log ^ . 

Since 

del.,') , < 1 ’" . , 

integrating both the sides of the above equaHty, we have 
^ sm5ir(a:)=l ooa ^ain <j>.dt, 

•'n *'c\ 


%,e,, 


i 


(as 1/tfr' vanishes at ^=0 on account of ^ 1), 

sin tff , dt. 


, sin ilf{x) , 
cos ^ . dt= ^ h 


Now consider 
This equals 


a;a+0 ^ 


i(W-“ 


^ . sm ^( 05 ) _ . 1 r >(i . , 

Lim „y\ ' + Lun- \ y^^amipdt 

x=+0 # (*) *=+0* ) 


(1) 


But, since 


%,e , , 
also 


xift' ^ 1 ; . . 

.nt) 


( 2 ) 

(3) 


Thus, it follows from (2) that the first limit in (1) is 0 and 
from (3) that 

is continuous at i=0, its limit being 0. Therefore both the 
limits in (1) are existent and equal to 0. Therefore 

lim^=0. - 

®=+0 ^ 
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Similarly it can be proved that 

Lim^=0. 

Therefore it is proved that jP'(O) exists and equals zero. 
1 


(6) Let log ^ • 
Integrating by parts, 


I 


cos tfs{t)dt^x cos rlf(x) + 


Now 


* 0 


sin ilf{t)dL 


i.e., 


Therefore i^\t) . sin ifs{t) is continuous at ^=0 and, conse- 
quently, 


[ W 

J n 


sin ijsdt 


has a differential coefficient at a?=0. Therefore, at a:=0, F{x) 
has no differential coefficient ; for, x cos has no differential 
coefficient there. 

(c) Let c« log^- 

If 

where a is a constant, it is easily seen that 


cos 


V 

Therefore, whatever a may be, F\0) is non-existent. General- 
ly, if 11 

where <T{t) ^ 1 , it can be proved that 

l'(*)=^cos(^ + f) 

and, consequently, F'{0) is non-existent, 

5, A still more general result * than the one given above 
is this : — 

F(x)=\ xW cos 




* For proof, see my paper in Crelle's Journal, Vol. 160. 
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has, for a:=0, a differential coefficient or not, according as 

or not ; 

X and ^ being monotone. 

6. What is of special importance in discussing the validity 
of various criteria for summability (0 1), ordinary or strong, is 
the question, whether 

J(a5)=l I x(j^) cos ^(0 I dt 

‘0 

has a zero differential coefficient for a;=0. The simplest case is 
that of 



which was asserted by Fejer* * * § in 1925 to have no differential 
coefficient for a;=:0 and which was proved by me in 1927 to 

2 

have for the differential coefficient f -^0, The proof is 

TT 

reproduced on the board 

Generally, it can be proved § that for 




x{t) cos I dt, 


F\0)^0. 


7. The problem of deciding whether jP'(O) exists in the 
case in which 



cos or 



x[t) cos \lf(t)dt 


and ipit) is not monotone, is a difficult one ; certain particular 
cases have been studied by me. For example, |1 I have proved 
that 


* Ic. 

t See my book, * Six lectures on recent researches in the theory of 
Fourier series 1928, pp. 64-67 ; or Bulletin of the Calcutta Mathematical 
Society, Vol . 19, pp. 1-12. 

t See'the appendix at the end. 

§ BvU. Calcutta Math. Soc., l.c. 
ii Bull. Calcutta Math. Soc., Vol. 18. 
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F(x)s- \ dt . sm Y~ 

sin . 


. 1 
sin T 
t 


has a differential coefficient zero for a:=0, there being a fi7iite 
number of steps in the continued fraction, and that 



dt - sin® log sin® log sin® log . , . sin® log ^ 


has no differential coefficient for a;=0. 


Summahility Criteria, 


8. Beginning '^dth the criterion of Lebesgue for sum- 
mabihty (G 1) for the Fourier series 

1 “ 

+ 2 {a^ cos rz + sin rx), 

where 


a,=i \ /(O cos rfdi, 6,=- I j 

TT 1 77 I 

— 77 —77 


f(t) sin rt dt. 


the criterion for summahility at a:=0 may be given in the form 

<P'(0)=0, 

where 

0{z)={ 1 m I *: 

<l){t) standing for 

f(2t)+fi-2t)^2S, 

S being the limit to which the series is summable. 

I need not explain how the above criterion is obtained. 
But I proceed to show that the scope of its validity is so narrow 
that it can be of no service in any case in which /^a:) has a dis- 
continuity of the second kind Mke that in the case in which 

/(0=cos ^(0 or x(0 cos ; 

for, in these cases 
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It has been, howeyer, proved* by me that the series is 
summabie (G 1) to zero even if f(t) has one of the above forms 
in the neighbourhood of ^=0, provided that 

Y . , . , 1 


a and 


Note that when 


Y 1 

and 

there is summability {C 1) although 

( xit) cos ili{t)dt 


has no difierential coefficient for x=0. 

9. Taking the criteria for strong summability at x, we 
have first to consider the criterion of Carleman, viz. 

t 1 +/(aj— f) — 2/S I di=o(S), • • (1) 


As usual, taking for simplicity, x=:0, we have for the case 


(1) becoming 


/W=oos-, 


^ I cos i j dt=ro(B), 


which, as has been already proved, is not true. 

So, Carleman’s criterion does not prove efficient even in 
such a simple case in which we know that there is strong sum- 
mability because of the criterion of Hardy and Littlewood 
holding true. 

10. This last mentioned criterion is more general than 
Carleman’s and is the following : — 

If p>l and 




* See my book, pp. 69-72 ; or BuU, Calcutta Math. Soc., Vol. 19, pp. 51-58. 
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I <f>(u)du=:o{t), . . . . • • (^) 

where <fy has the usual meaning, then 

S l«=o(?i) 

?n=0 

for every positive q and therefore for ^=L 
It will be seen that for 

f(i)=x(i) eos 0 ( 0 , 

X being unbounded, the first condition (1) cannot be satisfied. 

Notwithstanding the fact that the criterion of Hardy and 
Littlewood is not satisfied in certain cases, there is strong sum- 
mability {G 1).* 

Tor example, it has been proved by me that if 

cos 

t 

there is strong summability, although the above-menbioned 
criterion is not satisfied. 

11. Leaving summability {€ 1), we note that in the case 
of summability (0 2), Lebesgue’s criterion, viz., 

Lim i I {/(a; + 2^)+/(a;~2^) — 2S}d^5=0 
s=0 ^ ) 

fails at a;=0, when 

I dt f{t):=x{t) cos ijjit), t and ^ 

For example, if 

the series is summable {C 2) to 0 at a;=0 although Lebesgue’s 
criterion is not satisfied.} 


Conclusion, 

12, (a) My criticism of Lebesgue’s criterion for sum- 
mability (C 1) may be summed up as follows : — 


♦ See p. 102 of my book. 

1 See p. 78 of my book or Bull, Calcutta Math. Soc., Vol. 19, pp. 25-28. 
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The various proofs * of the criterion start with the assump- 
tion that 

I \f{x^2t)’irf{x-2t)-2S 1 dt 

has a differential coefficient equal to 0 at s=0, and then deduce 
from the assumption that S is the limit to which the mean Sn{x) 
must tend with n tending to infinity. As no proof considers 
explicitly the possibility of 

/(ir+2^)-h/(a;-2^) 

having a discontinuity of the second kind, the assumption in 
reality amounts to the exclusion of the possibility of such a 
ffiscontinuity. The proofs, thus, establish the validity of the 
criterion only for the case in which 

f{x + 2t) +f{x-^2t) 

has a limit when t tends to zero ; and for this case, Fejer’s 
original demonstration given in 1904 holds. 

So far as Hardy and Littlewood are concerned, they did 
succeed in giving a criterion which covers the case in which 
<l>{t) has a discontinuity of the second kind and is bounded, but 
not the case in which ^{t) is imbounded. Even this criterion 
admits of much generalization as proved by me. 

(6) My criticism of the various criteria for strong sum- 
mability {C 1) may be briefly stated as follows : — 

Hardy and Littlewood did not detect the impossibility of 
the criterion of Carleman or that of Sutton being satisfied in 
any case in which <l>(t) has a discontinuity of the second kind 
like that in the case in which 

^{t)^GOs ifj{t) or x(0 cos rfj{t). 

In fact. Hardy and Littlewood, approve of the aforesaid 
criteria. They say about their own criterion that it ‘ has more 
the air of finality’ than the criteria of Carleman and Sutton. 
But, in reality, the problem of the strong summability (G 1) at 
a given point is of the same class as the problem of ordinary 
convergence or ordinary summability, and there is as little 


* See the proofs given by Lebesgue {Math, Ann., Vol. 61, 1905), 
Hobson and Schlesinger and Plessner. According to Hobson (p. 561 of 
Vol. 2 of his Theory oj Functions of areal variable), ‘ a more general theorem 
than that of Fejer has been obtained by Lebesgue. He has in fact shown 
that the Oesaro sum converges to f{x) at any point for which 

\ I dt 

has a diSerential coefficient equal to 0 at i=0.’ 
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chance of a stage of finality having been reached in reference 
to any one of these problems as in reference to the other two. 
In fact, in 1927 I gave a case in which there is strong snm- 
mability [G 1) althongh the criterion of Hardy and Littlewood 
is not satisfied. 

For the case 

the various criteria are reproduced below for reference : 

Prasad’s criterion : — 


1 y 

^ ^ further 


1 


{xM Ydu ^ where 1 >A>0. 


Hardy and Little wood’s criterion : — 
If p>l and 


s. 


<}>{u) \Pdu^O{t)j 
(f>{u)dus::o{t), 


then 


2 I Sjn—s l3=o(?i) for every ^>0. 
0 

Sutton’s criterion : — 

If 

.3 


'•''n 


(f>{t) \9dt=o{8), (0<q<l), 


and 


\ I #) lPdt=0(8), (l<p<2) 

then 1 n 

Lim;^ i;\s,-j(0)\P-^=0. 

n—oo ^ -r i r=0 

Carleman’s criterion ; — 

If 

( {<f,{u)Ydu=0(t), 
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^(u) I du=^o{t). 


for all g>0. 


S 1 \i=o[n) 

0 


APPENDIX. 


*If ^( 2 :)s\ cos dt, then 0'(O)=-. 


Proof : — 
Consider 


and let 


where 


C 1 

) = 1 cos Y dt ; 






r being a positive integer. 

Remembering that in the interval z) 

cos i I =(— !)»’ cos i 
I & 1 t 

and, generally, in the interval tr+m-i), 


cos- =( — !)’»+’■ cos rj 


we have 


^ 003 ^ I (-!)’■ cosid<+ 

ptr ^ 

(-. 1 )?’+! 1 COS i — 1 )’’+^ I cos^d^+ . . to inf. ( 

hi '■trh 2 3 

r ^ rtr ^ .U.t ^ J 

= (-!)’* j I cosj(i^-\ cos-dli+X cos-dt-.,. y. 

( ^tr + i ^trh2 3 


* In his paper, Fejer says on the second page that for 

1 1 rx+h j f 

/(aj)=cos-, Lim ^ 

does not exist when a?=0, / standing for the sum (Cl) of the Fourier 
series,* this sum is known to be 0. Hence the mistake of Fejer. 
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■^i2sm|^=2fsin I 


■ COS -7 J 
t 


and, consequently, 


^ cos I 


. 1 7 0.1 

sin - <z^ — r sin - 

t t 


Therefore 

«w=(-l)'l 


LI., 


2 t sin ^ — sin 

ti 

it 

2 t sin j sin 


r + i 

tr*l '' 





. . to infinity 


tr ^2 J 

) 



Now, for 


« = sin^ = 3. 


Therefore the equation (2) becomes 


0{Z)^7J 


i 2^ I sin i I dt-z^rii sin ^ 

+ 2|i^+f2^^-h ... to infinity I , 


where 77 is numerically less than or equal to 1 and is +1. 

0 (z) 

Now, obviously, the parts contributed to by the first two 
terms in the above expression each tend to zero with z . Therefore 

^'(0)=Lim ^ to infinity ^ • 




1 r 1 


~7T^l(r + 4r)^'^(r + ^f J 

1 f 1 1 

where 0<fe<l, because the sum of the series inside the crooked 

brackets is less than — i-r and greater than — ^ . 

^ r-hi 


> 4 - .... 



102 Sec, II j Mathematics ds Physics, Presidential Address, (14) 


Also, on account of (1), 

11 

r>r>7 




1 


- = + where 0<^i<l. 

z 


Therefore 

<?>'(0)=Lim \ . 

r=oo 77^ + TT 

Note. — The symbols ^ and co are those used by Du 

Bois-Eeymond in his Infinitary Calculus and have their usual 
meanings. Thus, if /i and /g are two monotone functions of 


fi is said to be or 

neither. 


f 

/g according as Lim'^=oo , 0 or 
J2 
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1, On a ^ew Photomagnetic Effect. 

D. M. Bose and P. K. Raha, Calcutta. 

In this paper an account is given of an experimental arrangement for 
detecting the change of susceptibility of paramagnetic solutions due to 
light absorption. It is found that solutions of CrCl^^ FeCl^t CoSOi, NiCl^, 
GuSO^ and a mixture of Pr{XOz)z show an increase of 

susceptibility under light absorption. Solutions of TiCl^ and CeC% under 
similar conditions do not exhibit any measurable change in susceptibility. 

An attempt at a theoretical interpretation is made as follows- It has 
been shown by Van Vleck and Stoner that due to the presence of neigh- 
bouring ions and molecules, the coupling between the resultant spins and 
orbital moment I of the electrons present in the outer valency shell of 
a paramagnetic ion breaks down, and its magnetic moment is then re- 
presented by a formula given by Van Vleck /x= »y4s(s-hl)+^(Z+l); 
instead by the usual Hund’s formula. If further there is interpenetration 
of electron charges between the paramagnetic ion and the surrounding 
water dipole molecules, which gives rise to the associated complex of 
the type {M 6 nH 20 '\'^+ etc., the orbital moment of the paramagnetic ion 
cannot orient itself freely in an external magnetic field, and therefore 
does not contribute its full quota to the magnetic moment of the ion. In 
the limiting case, the magnetic moment of the latter is represented by 
Bose’s formula /i= ^4s(s-t*l). On the assumption that the s in moment 
of the electrons alone contribute to the magnetic moment of the C7r+++ 
ion both in the initial 4^F state and the metastable 2G resp. 2E state 
to which it is raised by light absorption, a diminution of moment is to be 
expected. Since on the contrary an increase is observed, this can be 
attributed to the breakdown of the Z-coupling between the paramagnetic 
ion and the water dipoles surrounding it. 


2. The Hyperfine-structure of Bismuth arc lines. 

Wali Mohammad and P. JST. Shaema, Lucknow. 

The important lines of Bismuth are in vacuum have been investigated 
between AA 4722 and 2780, and their hyperfine-structure found by means of 
quartz Lummer plates and Hilger’s 3-metre type quartz spectrograph. 
A specially constructed vacuum arc lamp as used in the previous investi- 
gations of the authors was employed. Two quartz Lummer plates were 
available and were used separately ; the arc light was faint and so the 
crossed plates could not be used. The values found for the two plates 
agreed very well with one another as well as with those found by the 
previous investigators — Nagaoka and Gkjudsmidt and Back. Term-schemes 
of difierent lines have been worked out and the different term -separations 
calculated. The level has been found to be a doublet with a separa- 
tion of 1*879 cwi-i, the level is four-fold with separations of *163, 
•209, *262 cm-t and the level is six-fold with separations of *239, *332, 
•436, *507, and *557 cm-K 
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3. On an infinite system of Non-linear Integral Equations. 

M, Razhtddin Siddiqi, Hyderabad, Deccan. 

We consider an infinite system of non-linear integral equations whose 
coefficients satisfy certain conditions, and by taking successive approxima' 
tions, we prove that one, and only one, solution of the system exists. In 
the case of two important examples, we show that the conditions of 
the problem are satisfied, and that the general theory is applicable in these 
cases. Finally we remark that the method is effective for higher equations 
of the type as well. 


4. A new proof for the theorem of Hellinger and Toeplitz on 
bilinear forms in infinitely many variables. 

A. Weil, Aligarh. 

The theorem of Hellinger and Toeplitz is as follows : — 


that 


CO 00 

If a bilinear form 2 2aijXiyj in infinitely many variables is such 
2— ii=i 


2 ^Saijxtyj 


converges whenever 2xi 2 and 2yj 2 are both convergent, then the bilinear 
i J 

form is hounded. 

A new proof is given for this theorem. The proof is based on the fol- 
lowing lemma, which is new and of some interest in functional calculus : 

If a sequence of continuous linear functions in the Hilbertian space 
converges at every point, its limit is a continuous linear function ; and the sums 
of squares of the co-efficients in the functions of the sequence are uniformly 
bounded. 


5, Note on a Mercury Radiation modified by transmission 

through Potassium Vapour. 

Snehamoy Datta and B. K. Chakraverty, Calcutta. 

On an examination of the spectrum of Mercury Vapour transmitted 
through potassium a very faint new radiation was observed at A 3783. 
This new radiation may be explained as due to the modification of the 
energy quanta of radiation A 2536 of Mercury by an amount equal to the 
inter-orbital transfer of the Potassium atom from the normal state to the 
next exited state. 

It may thus be regarded as the optical counter part of the phenomena 
of part absorption observed by Dr. B. B. Ray in X-ray. It in ay also be 
explained as the modified Raman scattering corresponding to the aforesaid 
electric transition. No attempt has yet been made to study the effect in 
any direction other than the forward direction, hence it is not definitely 
known as to whether it is a case of part absorption or a modified Raman 
scattering involving electronic transition. But from the fact that the 
Raman lines corresponding to the vibrational transitions are absent under 
the condition of the experiment, it is more probable that the new radiation 
is due to a part absorption of the energy of the incident quantum. 

6. New lines in the Absorption Spectra of the Alkalies. 
Snehamoy Datta and B. K. Chakbavebty, Calcutta. 

As early as 1922, one of us in studying the absorption spectrum of 
Potassium Vapour {Roy, Soc, Froc. A — ^Vol. 101, p. 539) secured besides the 
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absorption of the lines of the principal series a number of new lines which 
made the appearance at comparatively higher pressure. 

We have now been able to procure absorption of similar lines in the 
cases of Sodium and Rubidium, thus suggesting that this is a characteristic 
common to eill the alkalies. 

The divergences of these new lines in wave numbers from the nearest 
principal series line show a striking agreement with the wave numbers 
calculated from possible vibrational transition of the corresponding mole- 
cules and may be expressed by an equation 

where vf, rf etc. have their usual meaning. 

A tentative explanation of the appearance of these lines as due to a 
triatomie molecular formation has been given. 

7. Note on the observations of Eros made at the Nizamiah 

Observatory, Hyderabad, for the determination of 
Solar Parallax. 

T. P. Bhaskara Shastri. 

The recent opposition of the minor planet Eros afforded one of the 
most favourable opportunities for the determination of Solar Parallax. 
When nearest, the distance of the planet from the Earth was only about 
J of an astronomical unit. More than 200 photographs of the asteroid 
were secured with the astrographic Equatorial of the Nizamiah Observa- 
tory. The telescope has a Cooke 8*" photo visual object glass (135' P.L.) 
and is the same as that employed for the * Cart du Ciei In order to 
secure the maximum parallactic effect, the plates were taken at as large 
hour angles (East and West) as possible. At opposition Eros was brighter 
than most of the Comparison stars and so, on some of the nights, a small 
filter was placed in front of the plate, absorbing part of the planets’ light 
in order to mAke the image comparable with those of the stars. The guid- 
ing of the telescope w€is made only in R.A. allowing the planet to trail in 
declination. Each plate contains 8 to 20 images of the planet, the average 
exposure time being 2 minutes. A few plates have also been exposed on 
the meridian to be used as control on the Bphemeris. 

The plates are being measured on one of the machines designed for the 
measurement of astrographic plates. It is fitted with an accurate scale in 
the eyepiece and the diaphragm containing the scale is moveable in a? and 
y co-ordinates by micrometer screws ; the scale readings can be made to 
*0005 mm. Prof. Kopff has selected the comparison stars in the path of 
Eros and a definitive catalogue has been formed from the observations 
of these stars specially made with the meridian circle at a number of 
observatories. The reductions of the Hyderabad plates are in progress ; 
and it is hoped that from the results obtained at the various observatories 
co-operating in this work, a more accurate value than that hitherto avail- 
able, will be derived of this fundamental constant. 

8. Finite Geometries. 

A. A. Krishnaswami Ayyangar, Mysore. 

Finite Geometries are a class of geometries in each of which there is a 
finite number of undefined elements called points falling into undefined 
sub-classes, viz.. Hues, planes and other derived spaces, which satisfy 
assumptions analogous to those obtaining in ordinary projective geometry. 

The object of this paper is to discuss a new method of constructing a 
class of finite projective plane geometries and to study their properties. 
The method is based on finding modular sets of the type : — 

{Xi, Xg X ^^) : Mod (N2-Ar-j-l), where Xr<Xr-¥ 1 
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and the differences Xr—Xs reduced with respect to mod are 

all distinct For example, the set (1, 2, 4, 9, 13, 19), mod 31, ^ves rise to 
a finite projective geometry of 31 points and 31 lines, there being 6 points 
on each line and 6 lines through each point. 

Among the properties of a finite geometry built on a modular set, it is 
interesting to note that the group of points may be regarded as a simple 
plane {N^—N + 1)— point which is cyclically inscribed within itself in 
<f) (N'^—N+l) different ways, (f> being the symbol of the totient- 

function. 

Whether Desarguea’ and Pascal’s theorems are true in all of these 
geometries is not yet fully investigated. In this connection, however, 
may be mentioned a new non-Desarguesian and non-Pascalian geometry of 
91 points due to Veblen, Maclagan and Wedderburn. [Vide pp. 383, 384, 
Transactions of the American Mathematical Society, Vol. VIII, 1907.) The 
present author derives this geometry very simply from the number sets 
(1, 2, 4, 10), (2, 9), (4, 12), (3, 6, 7), and (8, 10), mod 13, and shows how the 
Pascalian Geometry of 13 points derived from (1, 2, 4, 10) is imbedded in 
a non-Pascalian one. Thus the new geometry contains a curious contra- 
diction not perceived by the original discoverers. 

9. The Diamagnetic Susceptibility of Binary Liquid Mix- 
tures. 

S. Ramachaitdea Rao and G. Sivaramakrishnan, 
Annamalai Nagar. 

We have determined the susceptibilities of mixtures of hexane and 
benzene, hexane and nitrobenzene, hexane and chlorobenzene, benzene and 
nitrobenzene, acetone and chloroform and benzene and carbon tetrachlo- 
ride. The method used was by the Curie balance. In all these cases, 
straight line graphs were obtained between composition and susceptibility. 
There were no departures from the additive law. Experiments by the 
Quincke method by Ranganatham [Nature, 127, 975, 1931) and Hans 
Buchner (Nature, 128, 301, 1931) suggest small deviations (about two or 
three per cent.) for acetone and chloroform mixtures. The causes for this 
difference are briefly examined. 

10. Influence of particle size on the Diamagnetism of Gra- 

phite and Bismuth. 

S. Ra]viachandra Rao, Annamalai Nagar. 

The diamagnetic susceptibilities of coUoidal particles of bismuth and 
graphite have been determined by the Curie method using a powerful 
electromagnet. In both cases it was found that a graph drawn between 
the inverse of the diameter and the mass susceptibility gave a straight 
line. This indicates that any increase in the surface area of a number of 
particles in a given mass of the substance by further sub-division, is 
accompanied by a proportionate decrease in the value of the diamagnetic 
susceptibility. This is what one should expect on the theory of Ehrenfest 
and Raman, namely that the high susceptibility values for graphite and 
bismuth are due to large electron orbits in the crystal lattice. Attention 
is drawn to the r6le of Richardson’s structure electrons in magnetism. 

11. The Influence of Temperature on the diamagnetic sus- 

ceptibility of Acetic Acid. 

S. Ramachandra Rao and S. Narayanaswami Iyer, 
Annamalai Nagar. 

Using a Quincke tube and heating the column of liquid between the 
pole pieces by an electric heater, the depression of the level was observed 



( 5 )' 


Abstracts. 


107 


by a sensitive microscope with an eye-piece scale. Experiments with 
acetic acid indicate that between 30‘C and lOO^C, there is no change in 
the value of the diamagnetic susceptibility. Light scattering experiments 
by one of us {Ind. Jour. Phys., 3, 18, 1928) seem to suggest that there is a 
rapid decrease of molecular association in this range of temperature. It 
appears therefore that molecular association does not have any influence 
on diamagnetism, at any rate in the case of acetic acid. 

12. On certain infinite series of Legendre’s functions with un- 
restricted degree and numerical argument. 

N. G. Shabde. 

Expansions of simple functions in infinite series of Legendre's Polyno- 
mials given by Bauer, Heine, Most, Hargreaves, Routh and others have 
been used by Forsyth, Hargreaves, Glaisher and Ramanujan to obtain 

numerical series for - and The first successful attempt at the 

summation of infinite series of Legendre’s functions, P»(cosha) or 
Qn (cosh a), with non-integral n was only recently made by Ganesh Prasad 
and his work was continued by the present writer {Bull. Cal. Math. Society, 
Vol. XXIII, No. 3). These sums are functions of the complete elliptic 
integrals K, K', E, E' and 77 (n, h) and the moduli h and h\ In this paper 
an attempt is made by giving special values to the modulus h, to derive 
certain infinite series of Legendre’s functions with numerical a and n un- 
restricted having sums involving simple powers of tt, for example 



Such values are given to 1; as will give for K, E, or E' expressions 
involving powers of tt. These values of h are also used to find the numeri- 
cal values of a. Ten such series are obtained and further work is in 
progress. 

13. On expansions of zero in series of associated Legendre’s 
functions, Pn"Kft)* 

N. G. Shabde. 

Expansions of zero in infinite series of Bessel-functions have been 
given by Niels Nielsen and those in series of Lame’s functions have been 
given by F. Lindemann (Mathemcdische Annalen, volumes 52 and 19 
respectively). Expansions of zero in series of Legendre’s functions P» (/i) 
are not possible with n integral, but may be possible with n not integral, as 
in the latter case the functions do not always form an orthogonal system. 
In this paper an attempt is made to expand zero in finite series of asso- 
ciated Legendre’s functions, P« "*(/*)» fJ-=oosd. Two methods can be 
followed. One, analogous to that used by Lindemann for expansions in 
series of Lame’s fimctions, is to assume the required expansions in 
the form 

n m—n 

S E . P%^(y.), 

«=0 w=0 

to expand Pn’”(M) ^ series of y. and to equate to zero the coefficients of 
different powers of y. The coefficients are determined from the 
resulting equations. Another method is to construct rational integral 
functions of cos 6, sin 9 . cos sin . sin to expand these functions in series 

of Pn”* (cos 6) and to put ^=0 or ^ in the end. The second method is 

well known and is indicated in several books on Spherical Harmonics. 
Lindemann's method is found more convenient when n is odd, the second 
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one, when n is even. Several expansions are possible even for a particular 
». Some expansions for )i=2, 3, 4, 6, 8, 10, and 16 are obtained, and fur- 
ther work is in progress. 

14. On the expansion of {h) in the Lagrangian Eemainder. 

E. D. MiSBAe 

The problem of finding an expansion for Q(h) in powers of h assuming 
f(x) to be unlimitedly differentiable and f{x) different from zero engaged 
the attention of Whitcom as early as 1880. Since then the problem has 
been attacked by well-known mathematicians, viz., R. Rothe and T. 
Hayashi, but Bhola Nath Pal was the first to go a step further thanWhit- 
com by giving coefficients of M and h^. 

The present paper is the outcome of my attempt to obtain the general 
term in the expansion of I have not succeeded so far in my 

attempt, but I have obtained the coefficients of W and in the expansion 

oie(h). 

It is to be noted that a general form for the coefficients can be given. 

It is 

A,n=SKrn4>a^^i 

a’s and a*s having all possible positive integral values subject to the condi- 
tion, . . . -»-ayay=m. The problem to obtain the 

numerical factor Km presents difficulties of the same order as in the case 
of finding numerical coefficients in the expansions of p(z) or the Jacobian 
Elliptic functions sn(s), cn{z), dn{z) in powers of z. Attempts of Hurwitz, 
and Herglotz made some years ago, and the recent paper read before the 
Toronto Congress, do not help much towards the solution of my difficulty. 

15. A note on the Linear Difference Equation of the Third 

Order. 

T. Totadri Iyekgab, Trichinopoly. 

The linear difference equation has been studied by the method of 
determinants by several, notably by Sylvester, who seems to have been 
the first to note the connection between the continued fraction and the 
determinant. The present paper studies the third order equation from 
the point of view of the resulting continuant, without however using 
the method of determinants. The treatment follows closely that of Euler 
given in Chrystal’s Algebra for the usual continuant. Properties are 
found similar to those in Chrystal’s. One side of an identity of Sylves- 
ter’s is re-obtained on combinatory lines. A like proof leads to a similar 
identity between a symmetric function of the roots of a special cubic 
and certain combinatory functions. 

16. Probe electrode measurements in the Sodium Arc. 

C. K. SuNDARACHAR, Bangalore. 

The ‘ probe collector ' method, the theory and use of which was deve- 
loped by Langmuir and Mott-Smith {Gen. Elec. Rev., 27, p. 449, 1924) has 
been utilised by several investigators to measure the mean electron 
energy, the space potential and the electron concentration in arc dis- 
charges. Measurements of this kind, so far, have been confined mainly to 
arcs in mercury vapour and in some of the rare gases. As pointed out by 
R. 0. Mason {Phy. Rev., Vol. 38, p, 440, Aug., 1931) a * careful study of the 
cathode fall of arcs, with regard to the electron energies, may ^ord a 
better imderstanding of the phenomenon at the arc cathode ’. 

In the present paper is described the results of an investigation to 
measure these quantities in an arc through sodium vapour. In the type 
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of arc lamp devised and used in the experiment, the arc discharge could 
be passed, in the first instance, between a sodium pool as cathode and an 
iron rod as anode, the latter being cooled by a special arrangement, 
and in the second instance, between the same cathode and an ordinary 
t 3 ^e of tungsten anode, placed just below the iron electrode. A pre- 
liminary set of measurements indicate 6*2 volts, 0*9 volts, and l*o x 10^^ 
electrons per c.e. for space potential, mean- electronic energy and concen- 
tration respectively, in a region close to the cathode, when the anode was 
cooled, the arc current density being 2 amps, cm - 2 . The corresponding 
values when the tungsten anode was used in place of cooled iron anode 
were 7*o volts, 1 *3 volts, and 2 x 10^^ electrons per e.c. for the same 
current density in the arc. 

17. The Effect of X-rays on the Surface Tension of Soap 

Solution. 

X. PAEAMESWAKAiis and K. Seshadei Iye2sgar, Mysore. 

In a recent paper published by Mr. Mahajan in the Indian Journal of 
Physics, Vol. VI, Part II some experiments are described which go to 
show that the Surface Tension of Bo^'s’’ Soap Solution diminishes with 
the time of exposure to light. The authors of this paper have made cer- 
tain interesting observations on the effect of X-rays on the same and 
experiments are in progress to confirm the results. 

The Soap Solutions are, however, perfectly pure and prepared from 
extra-pure c5leiC'acid, Ammonia, and Glycerine, as recommended by 
Lawrence in his book on the subject, page 26. 

18. The Absolute of the In- and Ex-Circles. Part 2. 

M. Bhbiasena Eao and M. Vexkataeaha Iyer, Bangalore. 

(Part 1 of this paper was read before the 7th Conference of the 
Indian Mathematical Society at Trivandrum.) 

Taking the sides of a circular triangle PQR and its Hart’s circle as 
circles of reference, the equation of the ‘ Absolute ’ is obtained, by the 
usual process, in the form 

008(5— 2P) sin20i+ . . 4- . , +cos5. sin 2044 . 2 cos( 5 — F) 

[COS 02 COS 03 -i- cos9i cosd J = 0 , 

where P, Q, R are the angles of the Circular triangle and 6i, 6^, 6^, ^4 
are the angles of intersection of any circle with the Circles of reference. 

This expression is transformed into the Absolute of the Ex-circles 
and the in-cirele of the circular triangle PQR, giving 

.j. . . ^ . . — 2 (A 2 A 3 — A 1 A 4 ) 

X («22^3Cotr2COtr3 -j- ci24CotriCotr4) — . — . =0, 

where Zi, Z^, Z^, Z^ are the powers of any point with respect to the 
Ex-Circles, ri, r 2 , 7 * 3 , r 4 their angular radii, 

. .El E2 E^ 

Ai=4 sm-^cos~cos~ 

with similar expressions for 

E E*> E 

A 2 , A 3 and A 4=:4 sin-^sin-^sin-^ 

with Fi=F-jE?, etc., and 2E—P-^Q + E—:t, 

The equation of the Hart’s Grcle is obtained in the form 
glp Ai-hA 4 ~l + 

A3L^2'-^3j ’ ^4L(^2— -^2)J 
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which can easily be verified totally with the equation of the N.P. Circle 
in Plano obtained in Part 1. 

19. On the Accurate Determination of very small capacities 

by means of a Thermionic Valve. 

G. R. TosBnsnwAL and D. V. Gooatb, Allahabad. 

If a condenser which is charged by means of a suitable battery, is 
allowed to discharge through the grid-filament circuit, provided with a 
suitable grid-leak, a change in the anode current takes place. Keeping 
the value of the grid-leak resistance constant, the anode current is found 
to be proportional to capacity. By employing a solution of copper 
sulphate in glycerine (which gave resistance up to ten megohms), for the 
grid-leak, it was found that small changes in capacity gave rise to appre- 
ciable changes in the anode current. Measurement of these changes in 
the anode current made it possible to determine the capacities as low 
as five cms. within one p.c. with necessary precautions. 

20. On the Measurement of Dielectric Constants of some 

Liquids. 

D. V. Gogatb, Earoda. 

The variation in the capacity of the vertical portions of two parallel 
wires (which form part of an oscillatory circuit), brought about by 
dipping them in different liquids, gives rise to a change in the wave-length 
of the short waves produced. By measuring this change in the wave- 
length on Lecher wires, it has been found possible to determine the 
dielectric constants of several liquids. An attempt is also made to study 
the temperature variation of the dielectric constant. 

21. On the Hyperfine Structure of certain Cadmium Lines in 

relation to the Theory of Nuclear Spin. 

B. Venkatesachab. 

The nuclear spin of J has been shown to account for the observed 
hyperfine structure of a number of prominent lines of cadmium. It is 
assumed that the main component in each case is caused by the even iso- 
topes with zero nuclear moment and the satellites by the odd isotopes 
with nuclear moment J. According to this the lines 5086, 4800, and 4678 
ought to have 3, 4, and 2 satellites respectively. I have analysed these 
lines using axially an arc discharge in cadmium 15 cm. long and in a long 
col umn of mercury arc discharge through which a slow stream of 
cadmium vapour was made to flow. Three Lummer plates, two of quartz 
^d one of glass, all made by HiJger, were employed in the analysis. 5086 
is found to contain seven satellites ; three of these can be accounted for 
on the above hypothesis and are comparatively bright. The existence of 
the additional satellites has been confirmed after a careful examination of 
a number of plates and the consistent values obtained for their wave- 
lengths leave no doubt as to their reality. The line 4800 contains four 
satelHtes, whereas 4678 has five, three more than what the theory 
requires. The new satellites are comparatively faint and most of them 
can only be photographed in a long-column discharge. Self -reversal is 
avoided when a slow stream of cadmium or zinc vapour is passed through 
a long column discharge in mercury vapour. 

Schuler also finds in the case of thallium more satellites than, can be 
accounted for on the accepted nuclear moment of J for its nucleus. The 
existence of these additional satellites renders necessary a revision in 
the nuclear moments at present assumed, if it be accepted that the fine 



AbatrcLcis, 


111 




structure observed in these elements is entirely due to nuclear spin. 
There is, however, the possibility that they have a different origin- 

22. On the use of Fused SiHca Etalons in the Study of 

Hyperfine Structure. 

B. Yekkatesachae arid L. Sibaiya. 

One of the chief difficulties encountered in the analysis of faint lines 
is the effect of temperature on the resolving apparatus. It is not possible 
without a very elaborate arrangement to keep the temperature constant 
for obtaining sharp patterns with long exposures. This difficulty is 
almost completely avoided if a number of fused silica etalons with 
parallel faces and graduated thicknesses are separately used after deposit- 
ing on the two faces of a plate a suitable thickness of reflecting material, 
preferably by cathodic sputtering. A change of temperature affects the 
pattern by altering both the thickness of the plate and its refractive 
index, the two effects however working in opposite ways. In the case of 
quartz or glass the change of thickness is far more important than the 
change in the refractive index. With fused silica the two are of the same 
order and the resulting effect is negligible. We find that by the use 
of these fused silica plates very sharp patterns can be obtained with long 
exposures of 6-7 hours with no particular precaution to control the 
temperature during exposure. Special test experiments have been 
conducted with etalons of thicknesses 2 mm., 2 '5 mm., and 3 mm. specially 
made for us by Messrs. Adam Hilger. Such plates of graduated thick- 
nesses are very useful in the analysis of ultra-violet lines and the examina- 
tion of patterns given by about three suitable plates will unambiguously 
fix the wave-length separations of the satellites. The facts that the 
parallelism of the reflecting surfaces is permanently secured and that 
no special adjustment is necessary for lines in the different parts of the 
spectrum are important advantages secured by the use of these plates. 

These plates are being extenavely used in the investigation of the 
hyperfine structures of spectral lines in the Physics Laboratory of Central 
College, Bangalore. 

23. The Hyperfine Structure of the Znl Triplet 4^Poi2 — 

in Eelation to the Isotopic Constitution of Zinc. 

B. Veneatesachae and L. Sibaiya. 

The lines 4680, 4722 and 4S10 A have been analysed with a view to 
correlate the structure with the recent work of Aston on the isotopes of 
zinc (Aston, Proc. Roy, Soc., 130, p. 302, 1931). There are according to 
his new analysis three odd isotopes (65, 67 and 69) in addition to the four 
even isotopes (64, 66, 68 and 70) previously recorded. The odd isotopes are 
however present only to the extent of 8.65%. If it be accepted that as in 
the case of cadmium the odd isotopes give rise to the satellites, they must 
be expected to be far less intense relative to the main line than in the 
case of Cadmium or mercury, where the relative abundance of the odd 
isotopes is 23% and 30% respectively. Hence it was found necessary 
to devise an experimental arrangement in which the satellites are rela- 
tively enhanced without introducing complications arising from self- 
reversal. The result has been that the satellites we have photographed 
and measured, can all be explained by ascribing a spin moment of J 
to the nucleus of the odd isotopes, except that the line 4^Po — shows 
three satellites as against two. The first spark line Znll 4058 A cl ass i fi ed 
as A(9) — B(ll) (Takahashi, Ann. d. Phya.^ 5, 3, p. 28, 1929) is found to 
contain three satellites whose relative total intensity (about 40%) is too 
large to be consistent with the hypothesis that the satellites are only due 
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to the odd isotopes (S.68%). Some other lines of zinc have also been 
analysed. 

24. Hyperfine Structure of certain Hgl Lines in the Elec- 
trodeless Discharge. 

T. S. SuBBAEAYA and T. G. Srinivasa Iyengar. 

The fine structure of a number of Hgl lines has been investigated 
using as source mercury vapour rendered luminous by an eleetrodeless 
discharge. Over the tube a coil of thin copper wire was wound closely, 
this forming the inductance in the oscillatory circuit consisting of the 
coil, six Leyden -jars of medium size and an adjustable spark gap all in 
series. The circuit was fed by a 10,000 volt wireless transformer taking 
no volts, 25 cycles A,C. supply. 

The work was undertaken to test the correctness of the result of 
Tolansky who using the electrodeless discharge as the mode of excitation 
reported that the line 4916 (6^Pi-S'/So) did not show the structure record- 
ed by VeiSsatesachar and Sibaiya (*7- My$, Univ., Vol. 4, p. 145, 1930). 
The following lines have also been analysed; 6234, 6123, 6076 and 5461. 

The structure of 4916 as recorded by Venkatesachar and Sibaiya 
is essentially correct. 

The relative intensities of Satellites in the case of 5461 is different in 
the electrodeless discharge from that in an arc discharge. Large and 
apparently irregular changes in the relative intensities of the Satellites 
are noted, small changes in the conditions, e.g., of pressure and tempera- 
ture producing marked efiect. 


25. Revision of the Hyperfine Structure Data of some Pro- 
minent Mercury Lines. 

L. Sibaiya, 

Though the Hgl lines have been analysed by a number of investiga- 
tors a re-examination of the lines has revealed the indubitable existence 
of satellites that have not been recorded hitherto. This work was under- 
taken in view of the importance of hyperfine structure data for testing 
recent theories regarding the origin of satellites. It is realised that one 
has to be very cautious before being certain of the existence of new 
satellites, often faint, in the case of lines that have been carefully examin- 
ed by others. It is concluded however that even the line 5461 A has 
undoubtedly one more satellite at -0.154 A. Again the line 5769 A has 
shown a structure containing three additional satellites at -0.173, -0,213 
and -0.257 A. The structure of the line 4916 A has been re-examined in 
view of Tolansky’s negative result (Tolansky, Proc, Roy. Soc., Vol. 130, 
p. 558, 1931) and the new analysis is in agreement with the previous one 
(Venkatesachar and Sibaiya, Mys. Univ. Jour., IV, pp. 145-8, 1930). 
The following lines have also been analysed : — 

Bgl : 4108, 5026, 6234, 6907, 7092 A. 

Hgll ; (after Pasohen) : 3984 A. 

Unclassified line of mercury : 6123 A. 

The structure of the Hgl lines was shown to be adequately account- 
ed for by ascribing a spin of i and 1 J to the nucleus of the odd isotopes 
(Venkatesachar ^d Sibaiya, Mys. Univ. Jour., IV, pp. 145-8, 1920). The 
recent analysis is in agreement with this hypothesis if it is further 
assumed that the stronger satellites are caused by isotopes with nuclear 
spin of i and the comparatively weaker ones by isotopes with a spin of 
IJ. Sehiiler and Keystone have recently come to a similar conclusion. 
{Schiiler and Keystone, Naturwiss. 31, p. 676, July 1931.) 
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26. An Extensicfc of the Analysis of the First Spark Spec- 
trum of Mercury {Hgll). 

B. Vexkatesachar and T. S. Subbaeaya. 

The Hgll spectrum has been analysed by Paschen (F, Paschen, Ber. 
d. Preuss. ATcad. d. TFzss. Berlin, 32, p. 536, 1928) and further by Xaude 
(S. M, Naude, Ann. d. Physik, 3, p. 1, 1929). Though a large number of 
lines have come within the scope of the analysis of these authors, there 
are other characteristic lines which have not been classified. Starting 
from the behaviour (B. Venkatesaehar, Proc. Boy. Soc. A., 117, p. 20, 
1927) of the spark lines in respect of relative intensity when the density 
of the vapour in a mercury arc is changed from about 2 mm. to about 
0.1 mm., we have found a number of new terms resulting from the 
configurations od^Qs'Js, od^QsQd, and 5 d® 6 p 2 . Displaced (verschoben) series 
of the type found by Paschen in Neon have been found to occur in Hgll 
also, together with the corresponding ordinary series. The new terms 
account for 74 lines now classified. 


27, Light Emission from Hydrogen under Impact from 

Positive-Bay Particles of Hydrogen. 

B, Basanistaghabya, Benares. 

The amount of light Jp given out depends on the energy Ep of the 
Positive-Bay and also on the pressure p of hydrogen. Per unit of pressure 
and unit of energy, the value of Jp is equal to A.F.exp.— B.F.log. p. 
Here A and B are constants and independent of the voltage in the dis* 
charge tube as well as on the pressure p of hydrogen in the collision 
chamber. The unit of p is 0.001 mm. The above results are deduced 
from measurements with and Hy of hydrogen, (in the undisplaced 

line). 

28. On a Cubic Transformation in Circle-Geometry, 

B. BAMAanjETHY, Annamalai Nagar. 

Let A-o, Ai, A 2 , A 3 be four fixed points in general position in .the 
Gauss plane. Taking any arbitrary point F, let circles FAqAi, PA 2 A 3 
intersect again at Fi. Similarly let circles FA 0 A 2 , FA 1 A 3 intersect 
again at F 2 and circles FA 0 A 3 , FA 1 A 2 at F 3 . The object of thus paper is 
to examine the transformation Ti which carries F to Pi and obtain the 
group generated by the transformations Ti, Tp T 3 which carry F to Pi, 
F 2 » ^3 respectively. It is found to be an Abelian ^oup of order S whose 
elements are E, Ji, I 2 , I 3 ; Ti, ^ 2 * 2^3* where E is identity, Ii, I 3 the 
three mutually harmonic involutions in the Gauss plane defined by the 
tetrad A 0 A 1 A 2 A 3 and fthe generalised isogonal transformation with 
respect to AqAiAoAs studied in detail by Dr. B. Vaidyanathaswamy in 
his memoir on the cubic transformation associated with a desmie system. 

The results that Ii=:T. 2 T^ and f =TiT2^z gi'*® simple inversionally 
invariant constructions for the mate of any point in Ii and f 

In the last section, I obtain the curve of double points for T (Fi, 
or F 3 ) and the cyelies admitting the above group. 

The problem is studied by means of the familiar representation of 
the manifold of circles in the plane by the points of a space of three 
dimensions, the submanifold of point-circles corresponding to the points 
on a Quadric Q ; so that any circular transformation in the Gauss plane 
corresponds to a eollineation in which leaves Q invariant. 
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29* On some lines in the Arc Spectrum of Lead. 

S. E. L. Mathub, Bombay. 

Since the time Michelson with the aid of his interferometer studied 
the structure of spectral lines considerable advance has been made not 
only in the technique, but also in the theory of the causes to which the 
complexity is ascribed. Much of the earlier data on fine structures is un- 
trustworthy for experimental reasons. They have been studied by Joos, 
and, by Kuark and Chenault, who showed that fine structures of the 
spectral terms are responsible for the fine structures of the lines. A fine 
quantum number, /, was introduced to distinguish the various levels of a 
complex spectral term, and showed that in some cases this quantum 
number obeys the selection rule A/= + 1 or 0. It is not, however, the 
only solution offered. Nagaoka, Suguira and Mishima suggested that the 
various components of a spectral line are emitted by different isotopes. 
This is, however, not quite correct. Pauli suggested that the origin of 
the fine structures may be explained by assuming that the nucleus 
possesses angular momentum and ma^etic movement. Goudsmit and 
Back and others have supported this view. 

In the work under report, the structure of some lines of lead was 
studied with the aid of a Fuess quartz spectrograph, and, a Lummer 
Gehroke plate. The source of light was a lead arc struck by means of an 
electromagnetic device in vacuum. This arrangement was, however, not 
entirely satisfactory. Several cases of self -reversals were noted. Other 
methods have been tried. 

30. A study of some Aic Lines of Copper. 

S. B. L. Mathub, Bombay. 

With the same experimental arrangements as outlined above a 
number of copper lines were investigated. 

31. An Inertia Wheel control for large Clock Movements. 

H. Pabameswaeah. 

In designs of large tower clocks employing gravity lever escapement 
means have to be provided for restraining the motion of the escape wheel 
when released. It is usual to employ a large vane nearly two feet in 
diameter. This makes the design cumbersome and large. An alternative 
idea recently tried out by the author in the construction of a large tower 
clock with six feet dials is discussed in the paper. This consists of a small 
inertia wheel about four inches in diameter slippingly attached on the 
escapement shaft with adjustable friction. 

32. The Sea breeze at Karachi. 

L. A. Kamdas, Poona. 

Local land and sea breezes occur at Karachi during the period October 
to March. The sea breeze which sets in during the afternoon has some of 
the characteristics of a cold front ; it sets in suddenly, is usually colder, 
more moist and has a larger velocity than the preceding land breeze. 
Part I of the present paper gives some statistical data about sea breeze. 
In Part II a few t37pical instances of sea breeze during the winter of 1930- 
31 when special surface and pilot balloon observations were recorded are 
discussed. In Part III the thickness of sea breeze on a few occasions 
computed from surface pressure and temperature recorded at Manora and 
the Airship Base Observatories according to Humphreys’ theory has been 
shown to agree fairly well with observed values. Jeffreys’ theory of anti- 
triptic winds accoimts only for the broad features of sea breeze ; the cal- 
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culated values of thickness and velocity of Seabreeze are found to be 
much smaller than the observed. 


33. A simple Method of Calculating the Roughness of Pure 
Liquid Surfaces due to Molecular Agitation. 


L. A. Ramdas, Poona- 


The thickness of the transition layer at the surfaces of liquids may be 
calculated directly to the first order of approximation in the following 
manner : — 

The liquid surface is disturbed by molecular bombardments which 
cause it to be deformed by the innumerable wavelets whose amplitudes are 
of molecular dimensions. 

We may consider that a place surface element, circular in shape, gets 
deformed into a spherical cap. The increase in area of the deformed sur- 
face element multiplied by the surface tension gives the work done and 
this may be put equal to the potential energy i RT. The maximum ver- 
tical displacement h of the deformed surface element comes out as 


VF 


Try 


where R is Boltzmann’s constant, T is absolute temperature, 


and y is the surface tension. 

The values of h calculated from the above expression are of the order 
of molecular dimensions. 


34. Spectrum of Glow-worm. 

L. A. Ramdas and S. P. Venkateswaeak, Poona. 

It is well known that the luminous organs of insects like the fire-fly 
represent one of the most efficient sources of light in that almost all the 
energy is concentrated in a narrow band in the spectrum. 

We had recently an opportunity to photograph the spectrum of a glow- 
worm which belongs probably to one of the species of ‘Lampyridae 
The spectrum of the light emitted was photographed on an Ilford Pan- 
chromatic plate with a night-sky spectrograph. The spectrum consisted 
of a single band extending from 5299 to 5S60 A.U., i.e., only half as broad 
as the band in the spectrum of the fire-fly. 

The glow-worm was not seen to emit any light by day even when 
observed in a dark room. Even at night the emission is not continuous. 
The worm cau apparently do this at will. Slight irritation or shaking 
seems to make it well disposed to glow very brilliantly. 

35. On Extreme Dryness observed at Kodaikanal in Winter. 

S. L. Maluekae, Poona. 

At Kodaikanal and other hill stations of South India which are at an 
elevation of about 2 kms. above sea-level extremely dry days when the 
relative humidity may fall to one or two per cent., are experienced during 
the winter months. From all the available data a study of the phenome- 
non has been made and the conclusion * that air is subsiding at upper air 
levels on most days and that sometimes the subsidence occurs up to the 
levels of the hill stations when extreme dryness is experienced % is drawn. 

36. Extremely large Lapse-rates in the immediate neighbour- 

hood of the heated ground and inferior hlirages. 

S. L. jVIaltjeka.e and L. A. Ramdas, Poona. 

It is well known that on clear days mirage can be seen over the modern 
paved roads. But the variation of the temperature in the neighbourhood 



116 


Section //, Mathematics and Physics. 


(14) 


is not yet well known. An attempt to measure the temperatures at Poona 
very near the ground was made last summer. It was found that extreme- 
ly large lapse-rates as high as ten thousand times the adiabatic lapse- 
rate are not imcommon within a few centimetres of the ground. A mathe- 
matical theory of such rapid fall of temperature with height near the 
ground has been worked out. The observations are accounted for by the 
proposed theory. 

37. On properties of a Linear Complex referred to which a 

given Hexagon is Self -conjugate. 

P. N. Das Gupta, Patna. 

Turnbull has shewn that there is a unique linear complex referred to 
which a six-sided figure in three dimensional space is such that the sides 
are lines of the complex. Some properties of this linear complex is 
studied in this paper with generalisation in n-space. 

38. Observations on the nature of Lamp and Lunar Coronae. 

k. H. Khan, Osmania University. 

This paper deals with observations made on the nature and formation 
of lamp and lunar coronae (formed especially in the absence of mist or 
visible drops of water between the source of light and the observer), with 
a view to investigate the meteorological conditions under which they are 
formed. 

39. Measurement of refractive Index of Water for different 

Wave-lengths. 

Md. Zulfiqab Hussain Paruqui, Osmania University. 

This paper gives a detailed account of experiments conducted at the 
Osmania University College under the supervision of Prof. Mohd. Abdur 
Rahman Khan to find the refractive index of distilled air-free water for 

— 8 —8 

different wave-lengths running from 4383 x 10 cm. to 6687 x 10 cm. ; 
values for ordinary distilled water (not free from dissolved air) are also 
obtained. The apparatus employed was Rayleigh’s Refractometer manu- 
factured by Adam Hilger Ltd., London. The source of light used was the 
iron are and the lines were dispersed by a constant deviation {Spectrometer. 
All the readings were taken at 30° C. 

40. The Vertical Optical Bench. 

Abdur R. Khan, Osmania University. 

A simple apparatus called the Vertical Optical Bench, of .small size 
and compact form giving very accurate results has been designed by the 
writer of the present paper and manufactured by Messrs. Platters and 
Garnett of Manchester. It has been described in the Jouryial of Scientific 
Instruments, London, Vol. VI, No. 10, October 1929, omitting details of 
manipulation and calculation of results. These are given in the present 
paper at some length to show the use of the apparatus in optical experi- 
ments. 

41. Audio-frequency Constants of Circuits and Telephone 

Lines. 

S. P. Chakbavarti, 

Existing standard methods of measurement of circuit constants by fre- 
quency bridges are laborious, require expensive apparatus and become 
difficult at radio, carrier and higher audible frequencies. Prof. MaUett 
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developed simpler methods to determine fr and A of electro-mechanical 
vibrators and deduced the dsmamical constants of the vibrators. The 
author, in another paper, extended his methods to still complicated types 
of vibrators. Further, Prof. Mallett and Blumlein applied the methods to 
find the H. F. resistance oi coils, circuits, etc. The author's present paper 
extends the application to the carrier and higher audible frequency region. 

The measurements were confined to the frequency band 3 Ke. to 9 
Ke 'Sec: fr and A of ordinary and telephone circuits were determined 

from the ^ —/ curves and derived vector diagrams, (which are circular). 

B and L of the circuits at about 6530 CYCLES/'SEC. were deduced. 
Further, a circuit capacity variation (of the order of *0005 fiF's) could be 
easily determined by the application of the methods. The capacity of 
the telephone and other circuits at about 6530 Cycles/Sec. were found out. 

42. Performance of Copper oxide rectifier at high frequencies. 

Aijaz Mohammed and T. S. Rangachari. 

Since the advent of broadcast reception as a popular recreation the 
demand for an efficient type of radio frequency detector has been very 
keen. The crystal, the thermionic valve grid and anode bend detectors 
need external polarising batteries for efficient operation. The Copper 
oxide — Copper type of dry contact detector needs no such batteries, can 
be handled roughly without effecting the contact properties. The paper 
shows by means of comparative performance curves that for voltages up 
to 1*8 effective value, cu -oxide rectifier is more efficient than the anode 
bend and crystal detectors, and is only a shade less so than Cumulative 
grid. Beyond two volts however it is decidedly more efficient than the 
other types Rectification diminishes with increase in frequency but the 
superiority of copper oxide is still maintained. It is suggested that for 
good headphone reception of local broadcast transmissions it is the most 
convenient rectifier. 

43. Power Losses in Pyrex Insulators. 

N. V. IN^araya^taswami, Bangalore. 

A study of the power losses occurring in insulators made of Pyrex 
glass designed for different working voltages was made with a view to 
compare them with those in similar porcelain insulators. The Pyrex 
insulators were supplied by the Coming Glass Works for use on 8, 23 and 
40 k.v. lines respectively and were stressed to different voltages up to the 
working pressure. The measurements were taken under ordinary labora- 
tory conditions of temperature and pressure on a Schering Bridge. The 
observations show that with increasing stress, the power factor gradually 
increases from about 0*1 to 0*3 and the capacity also increases, indicating 
an increase in the dielectric constant of pyrex glass. The losses at the 
working voltage are of the order of 2 to 3 watts. In the case of porcelain 
insulators for 5 and 40 k.v. lines, the increase of power factor with in- 
creasing stress is only from 0*25 to 0*3 and the capacity also shows only a 
small increase, indicating small variation in the dielectric constant of 
porcelain. The dielectric losses are of the same order as in the Pyrex 
insulators. These observations do not indicate any superiority of the on© 
or the other type of insulator but the smaller size of Pyrex insulators 
appears to be a point in their favour. 

44. A new type of Permeameter. 

K. V. Karais^tha. 

A new t 3 ^e of permeameter suitable for commercial testing of magne- 
tic materials and capable of a high degree of accuracy for this class of 
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work is described. In this permeameter the specimens are cut in the 
shape of circular plates about 4" in diameter, with a central hole of 7/8^ 
diameter through which the magnetising ampere-turns are threaded in 
the shape of a rectangular coil 3 ft. x 9J ft. The flux paths through the 
specimen are circular and the values of magnetic induction is determined 
by means of a search coil of a few turns threaded through two small holes 
drilled in the sample. The corresponding values of H can be easily cal- 
culated from the value of the magnetising current and the constants of 
the instrument. Results of the tests on wrought iron are given and these 
agree closely with those obtained by the anchor ring method. The 
permeameter possesses the advantage that the samples are easy to prepare 
and the operation of testing is very simple. 

45. Measurement of small capacities at Radio Frequencies. 

V. V. Sathe and T. S. Rangachari. 

Bridge methods of measuring small capacities of the order of a few 
HjiF usually give unreliable results particularly at radio frequencies. 
Direct substitution methods are to be preferred. This paper deals with a 
modification of the substitution method utilising a low decrement resonant 
circuit. The unknown condenser is made to alter the frequency of a 
valve oscillator, these alterations are subsequently neutralised by varia- 
tion of a standard condenser incorporated in the circuit. The low decre- 
ment circuit with a rectifier forms the indicator. A small fixed condenser 
with a eut*out switch enables detection being always carried out at the 
same points of the resonance curve. Figures are given for the residual 
capacities of small condensers, short lengths of lighting flexible, inter- 
electrode capacities of valves, ail as obtained by this method. 

46. On Rectification by an Imperfect Metal to Metal Contact. 

S. P. Chakravarti. 

The paper gives an account of the rectifying action of an imperfect 
contact formed by Brass and Iron for alternating currents of frequencies 
of 569 and 1195 Cyeles/Sec., and of the effect of the magnetic fields of 
dificerent strengths on the phenomenon. 

The static and dynamic characteristics show a possibility of recti- 
fication when brass has positive bias with respect to iron. The rectifica- 
tion is altered by a magnetic field acting along the metals. The contact 
placed in a weak magnetic field has better rectifier property than in a 
strong field. 

47. Investigations on design of a Band Pass Filter. 

S. P. Chakbayarti. 

A band pass filter (for the band 12 to 15 KC/Sec.) is designed and 
constructed for carrier current telephony. Measurements are taken for 
output current — frequency characteristics with coils in the two stages 
uncoupled and then coupled. The former measurements give slightly 
peaky characteristic within the band, while the latter gives flat charac- 
teristic. The slight shift of the band (upwards in the scale) is mainly due 
to maccuracies in frequency calibration. 

Two types of characteristics are derived. The theoretical character- 
istic IS obtained by keeping the input voltage exactly the same all the 
time, and the working characteristic by keeping the impedance at the 
mean value. The working carrier frequency should be chosen from a 
consideration of the latter characteristic. 

The sharpness of cut ofi can be improved by reducing the input 

impedance to about 70 per cent, of the filter surge impedance. The 
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input impedance curve is hyperbolic. The variation of the output impe- 
dance to the same extent does not affect the sharpness of the lower or 
higher cut off, and the curves are flat. 

48. Specific Heat in Relation to Raman Effect Data. 

S. Paeamasiva^;-, Madras. 

Specific heat is correlated with the Raman effect data on the assump- 
tion that the Raman lines are caused by transitions corresponding to the 
fundamental frequencies involved in the scattering process. Following 
Einstein’s theory of specific heat, the specific heat values of molecules of 
widely differing atomic configuration are calculated and these values 
agree with those actually observed, thereby affording a quantitative proof 
for the fact that the Raman frequency shifts are the ftmdamentals. 


49. A Study of the Structure of the Pedal and Contact Circle 

systems of a triangle. * 

A. Narasinga Rao, Annamaiai Nagar. 

The pedal circle of a point P w.T.t. a triangle ABG is the circle 
through the feet of perpendiculars from P on its sides, while the contact 
circle has been defined by Mr. Bhimasena Rao as the circle through the 
points of contact of an inconic of ABO with centre at P. The totality of 
pedal and contact circle systems of a triangle are here studied and their 
structure discussed by representing circles in piano by points in 3 -space 
with an Absolute Quadric and the 3-dimensional significance of known 
results regarding these circles are examined. 

50. On the Critical Absorption Method of Measuring the 

Compton Effect. 

A, S. Gajstesan, Nagpur. 

For* a quantitative determination of the Compton effect by the 
method of Raman and Sogani we should have a precise relation connect- 
ing the absorption coefficient and the wave-length. The absorption for- 
mulae of Owen, Richtmyer and Hewlett apply only over a limited range 
and are unsatisfactory for short wave-lengths. Compton’s expr^ion 
/xa=HZ4A3+^So/(l-|-2a), where a=A/mcA, overcomes this difficulty but 
breaks down at the critical absorption limit. Batsed on this expression 
empirical formulae are derived which are of the form {A^BX + Gl\) 

where pa is the coefficient calculated according to Compton’s relation and 
A, B, G, are constants. This form holds good especially for high atomic 
weight elements and gives values on both sides of the critical absorption 
wave-length. An expression is derived for the Compton shift in terms of 
quantities that can be determined experimentally by this method. 

51. Susceptibility of Liquids by pendant drops. 

L. SiBAiYA and H. S. Vbneatabamiah. 

The values for magnetic susceptibilities of liquids and liquid mixtures 
given by different observers differ by amounts which are often marked. 
For instance in the case of acetone the specific susceptibility value of 
Pascal is — 0*581 x 10 - whereas that of Trew and Spencer {Proc. Boy. 
Soc., Vol. 131, p. 211, 1931) is — 1*229 xlO-®, nearly double the previous 
value. Some of the results of Trew and Spencer have been recently 
questioned by Ranganadham [Nature, Vol. 127, p. 975, 1931). With the 
object of obtaining consistent values for the susceptibilities and account- 
ing if possible for their variations, we have recently adopted an improved 
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form of apparatus for measuring them by weighing a liquid drop in a 
non -homogeneous magnetic field first employed by Abonnenc {Comp. 
Ben., Vol, 190, pp. 1395-7, 1930). Assuming the specific susceptibility of 
water as —0*72x10-6^ the value for Acetone has been found to be 
—0*567x 10-6 and this result agrees closely with the calculated and 
observed values of Pascal. Further experiments are being conducted on 
organic liquids and their mixtures. 


52. Measurements of sound transmission coefi&cients of cer- 
tain materials. 

C. V. Patel and G. R. Pabanjpe, Bombay. 

The experiments are carried out with a view to establish a laboratory 
method for measuring sound transmission and absorption and reflection 
coefficients of certain materials. The reverberation method is well known, 
but that can be carried out only on a large scale. 

An electrical oscillator and a microphone receiver are employed 
throughout. The intensity of the sound received in the microphone is 
measured through suitable amplification by means of a valve-voltmeter. 
The experiments are divided into two parts. In one the reverberation 
method is employed wherein decay curves for the sound are plotted out 
and in the other sound is received on the microphone through known 
thickness of different materials. The apparatus consists of a long wooden 
box internally lined with thick felt, and divided into two compartments. 
The sotmding portion is well equipped with buffles and is maintained at 
constant volume. 

Experiments can be carried out to measure the transmission coeffi- 
cient of diflerent substances and to study the effect on the transmission 
coefficient of the frequency of the sound. 


53. On the condensation of liquid drops on dust nuclei and 
the estimation of the size and number of dust parti- 
cles in air. 

Y. G, Naik and G. R. Paranjpe, Bombay. 

Work on water drops was reported last year and the work has been 
now carried on in greater details also with a view to be able to measure 
with the number and size of dust nuclei. The method employed is that of 
measuring the corona rings. 

(1) With increasing number of dust particles, the liquid drops 
become smaller and reach a limiting size. The graph of the number 
of dust nuclei and the size of the condensed drop, is hjperbolic (other 
conditions remaining the same). 

(2) Number of dust particles in a given specimen of air can be calcu- 
lated in the following manner. The air in the flask was made completely 
dust free by making a series of expansions, no fresh particles being 
allowed to enter. From the size of the drop and the quality of liquid 
condensed the number of particles removed every time is calculated. By 
summing up all these numbers, the total number of particles existing ori- 
ginally can be obtained. 

(3) Experiments were performed with alcohol and the change in the 
size of the drop with different expansion ratios and different tempera- 
tures were studied. The nature of these variations is the same as that of 
water. 

The size of the drop reaches a higher limiting value beyond a 
certain expansion ratio. Fall of temperature increases the size of the 
drop. 
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o4. Studies in scatting of light through some organic esters. 
K. S. Sataisitr and G. R. Paranjpe, Bombay. 

A systematic study of Raman scatting through some organic esters is 
undertaken. The esters chosen are formates and acetates. 

The unsymmetrical broadening of the incident radiation by molecular 
diffusion at the middle of the liquid observed by Cabannes is being 
repeated and the results taken both with a Lummer Plate and an Etalon. 

55. A physical method of estimating Fe(ous) and Pe(ic) 

formed by the oxidising actions of potassium dichro- 
mate and potassium permanganate. 

P, Y. Deshpa:nde and G. R, Paranjpe, Bombay, 

A new method based on the measurement of the Absorption Spectra 
of Solution has been used for estimating the extent of Oxidation of 
Ferrous Ammonium Sulphate caused by Potassium dichromate and 
Potassium permanganate. A graph can be drawn in which the wave- 
length at the absorption edge at constant thickness is plotted against 
known percentage of Fe(ous) and Fe(ie) formed at different stages of the 
oxidation. It has been shown that this graph can be used to directly 
indicate the percentages of unknown quantities of Fe(ic) and Fe(ous) 
form the knowledge of the wave-length at the absorption edge at 
constant thickness. 

The actual quantities of Fe(ous) and Fe(ic) can also be determined 
by means of another graph plotted between the molalities and the wave- 
length at the absorption edge at constant thickness. Results thus 
obtained are in fair agreement with those obtained by chemical method. 

The method, it is expected, will also be helpful in determining the 
oxidizing powers of Bichromate and permanganate, when they aet 
jointly on the Ferrous salt. The part is under investigation. 

56. Electrical conductivities of the liquid amalgams of the 

alkaline-earth group. 

V. S. Patakkab and G. R. Paranjpe, Bombay, 

The nature of the liquid amalgams of a lkal i-metals has been investi- 
gated with reference to a number of physical properties, but little work is 
done in regard to the amalgams of the alkaline-earth group. 

The electrical conductivities of the Barium amalgams is studied in the 
first instance. The result indicates that there is a continuous drop in the 
conductivity with the concentration of Barium in the amalgam. In the 
case of the sodium and potassium amalgam the conductivities are also 
known to decrease while iu the case of Lithium the conductivity increases 
with the concentration. 

Sid© by side with this an investigation is in progress with a view to 
examine the homogeneity and stability of alkali and alkaline-earth amal- 
gams. 


57. On the instability of the Atmospheric Electric Eield in the 
neighbourhood of the Evening maximum. 

A. Y, R. Telajtg, Bangalore. 

Several records of atmospheric electric field reveal characteristic in- 
stability of the field at about 19-20 hours, the time of the principal maxi- 
mum. The instability consists in either (1) A sharp upmsh followed by 
equally sudden return, forming needle shaped peak; (2) Gradual rise 
followed by sudden collapse and thereafter gradual fall; (3) A greater 
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collapse, foUowed by partial recovery, forming depression; (4) Depression 
deep, potential often becoming negative, charaoteristio of slight ram, but 
■without recorded rain; or (5) as in (4) but rain recorded by pluviogram or 
sight at the exact time. j. . j. 

5’re(^uent occurrence of such instability indicates that factors raising 
potential and those causing inversion are closely related. Among the first 
are reduced conductivity through loading of ions by moisture as tempera- 
ture is rapidly falling, and the sinking to earth of loaded negative ions. 
Moisture is known to first condense on negative ions, which would therefore 
sink first. If this be followed by loading and precipitation of the positive 
ions the field will collapse. The speed and degree of collapse will depend 
on the rapidity of removal of ions which depends on the size of the drops. 
With small drops effects 1 and 2 above may occurs with larger drops effect 
3, and with drops forming invisible or visible drizzle we get the effects 4 and 
5 characteristic of precipitation. 


58. Electric conductivity of the Atmosphere at Bangalore. 

A. V. R. Telang and A. Padmanabha Rao, Bangalore. 

Fox some years past determinations have been made of the Potential 
Gradient of the Atmospheric Electric Field, and some of the results pub- 
lished (vide Indian Journal of Physics, vol. 5, part 7, November, 1930, pp. 
755-767 : * Atmospheric Electric Potential Gradient at Bangalore ’ by A. 
Venkata Kao Telang). 

Determination of the electric conductivity of the air has been under- 
taken as an extension of the work on Atmospheric Electricity at Banga- 
lore. 

The method employed is Elster and Geitel’s dissipation method, using 
a stretched wire as dissipator. An electrometer of the gold leaf type is 
used. The insulators for the electrometer and the dissipating wire are of 
the heated quartz t 3 q) 0 , Loo. cit., p. 760. The dissipating wire is of copper 
with a bare polished surface stretched between two insulators in a place 
open to outside breeze, but shielded from the Earth’s electric field. The 
negative and positive conductivities are separately found by charging the 
dissipator positively and negatively respectively. The following are some 
of the results obtained. 


Date. 

Time. 

Conductivity in Electro-magnetic 
Units. 

®a-ai: 



A + 

A- 

A=(A+) + (A-) 

3rd Sept. 1931 

1 

2 P.M. 

•2572 K 

•2829 /<r 

•5401 /c 

•91 

12th Sept. 1931 

4 P.M. 

•2619 K 

•2227 K 

•4846 K 

1-13 

18th Sept. 1931 

12-30 A.M. 

•4413 /c 

•6297 /f 

1*0711 K (rain- 
ing) 

•70 

20th Sept. 1931 

11-40 A.M. 

•2174 K 

•1636 K 

*3811 K 

1*33 


/c= 11*31 E. M. Units (Ohms. Curt.) 

59. A new rotating Commutator. 

A. V. R. Telang, Bangalore. 

A ring of thin ebonite sheet is mounted on a Phonic wheel (See Pye 
and Co.’s catalogue). Fixed to the ring are two sets of radial sectors 
A and B of metal sheet, uniformly spaced. The sectors A are between 
the sectors B and nearer the centre of the ring, such that the outer thirds 
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of sectors A and the inner tliirds of sectors B lie on a common circle. 
Three insulated metal brushes are mounted in a radial line to touch these 
sectors as the ring rotates, so that brushes 1-2 and 2-3 are alternately 
shorted through the sectors A and B respectivelj’. 

The arrangement can be used to charge and discharge condensers or 
other similar purposes. Using further siimiar brush sets at other posi- 
tions on the ring we can obtain a number of similar commutating effects 
either in phase or with some phase difference. 

Advantages of the arrangement : — 

1. Absolutely steady and fixed speed, governed only by the tuning 

fork employed. 

2. Unaltered speed as long as required, and obtained whenever 

wanted and low power consumption. 

3. Speed determined accurately and once for all with counter and 

bell. 

4. Different frequencies obtained with rings ha^ving suitable num- 

bers of sectors. 

5. Reliable contacts of sufficient duration ensured through brushes 

rubbing on metal surfaces. 

60. A Statistical Analysis of the height of the Brahmani 

River at Jenapore. 

P. C. Mahalanobis, Calcutta. 

The daily readings (numbering 4722) of the gauge at Jenapore for the 
period 1875-1929 for the months of July, August, and September have 
been analysed in this paper. The secular change (which was found to be 
extremely small) has been calculated separately for each month, as well 
as for the whole monsoon period. The frequency distribution of the 
height of the river has been studied in detail, and has been graduated by 
Pearson curves (Type I and Type III) The probability of occurrence of 
any assigned flood level in a given number of years has been calculated, 
graphically for the graduation by a Type I curve, and with the help of 
Incomplete f -functions for a Type III curve. 

61. Temperature distribution in the atmosphere over India 

during different periods of the year. 

K. R. Ramaitathak and K. P. RAMAKEissnsTAN, Poona. 

Soundings of the upper air over Poona and Hyderabad during the 
last three years have provided us definite information regarding the tem- 
perature and humidity in the atmosphere over these places. This, when 
combined with the results of sounding balloon observations at Agra made 
in previous years and observations made from aeroplanes at Karachi, 
Quetta and Peshawar enable us to obtain a general idea of the distribu- 
tion of temperature in the atmosphere over India in different parts of the 
year. Observations of wind at different heights obtained from ascents of 
pilot balloons confirm and supplement the conclusions. Some outstand- 
ing results may be indicated : — 

(1) During July and August, the atmosphere over Agra is warmer 

than that over the Deccan at all levels up to about 15 km — 
the mean difference of temperature being a maximum of 
about 7®<7 at a height of 10 km. Temperatures over Bataria 
are lower than those over the Deccan. 

(2) Conditions are markedly in contrast in the winter. In the 

period November-Februaiy, the temperatures over North 
TnHift are lower than those over Poona up to 13-14 km. and 
above that level, higher. 
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(3) The semi -permanent anticyclone over the central parts of India 
during the winter and early summer shows itself in the 
temperatures over Poona as a well-marked region of small 
lapse-rate between 2 and 4 km. 

The changes that take place during the transition season are also 
described. The bearing of these results on the general circulation of the 
atmosphere in India and its neighbourhood is discussed. 

62. The surface and upper air structure of depressions of the 

Indian Monsoon period. 

K. E. Ramanathan, Poona. 

A detailed analysis has been made of three typical depressions of this 
season ; and the system of circulation that gives rise to them, the proper- 
ties of the * air-masses ’ that come together during their formation and 
growth and the nature of the ‘ fronts ’ that are developed are studied. 

63. Surface-tension of the Different Dilutions of Boy’s Soap 

Solution. 

L. D. Mahajan, Patiala. 

This paper reviews briefly the two improved methods of finding the 
surface tension of the soap solutions and also the relation of the surface 
tension of the soap solutions with their concentrations. 

The results are obtained by two methods namely the Warren’s Sur- 
face tension Balance method and the Weighing method. In all the 
observations, the Boy’s Soap solution and its various Dilutions are used. 

It is found that the surface tension of the soap solutions is not inde- 
pendent of ihe strength of the soap solution (i.e., the strength of the sodium 
oleate in the solution) ; and it throws much light on the results obtained 
by Lord Rayleigh ; M. G. White and J. W. Harden ; A. L. Narayan and G. 
Subrahmanyam ; P. L. Du Nouy and others. 

Further it is found that the surface tension decreases with the 
increase of concentration in the beginning but after reaching a certain 
minimum it increases with the increase of concentration. The possible 
cause for the marked minimum is also explained. 

The curves are also drawn showing the above relation clearly. 

64. The Effect of Light on the Surface Tension of Boy’s 

Soap Solution. 

L. D. Mahajan, Patiala. 

The aim of this paper is to study the action of light on the surface 
tension of the soap solutions, in details. 

With the aid of Surface tension balance and Weighing methods ; it is 
foimd that the decrease in surface tension is a function of time for which 
the soap solutions is kept in light and not a mere function of time as 
found by P. L. Du Nouy. The dark time, i.e., the time for which the 
soap solutions are kept in a very dark and cool place, has no effect on the 
surface tension of the soap solutions. The possible reason found is some 
chemical action and not mere absorption in the surface layers. 

The methods are also described in details. The curves are drawn 
showing the relation of surface tension of Boy’s soap solution dilutions 
with time, from the results obtained by the above two methods. 

Further, all the tables show the same results and hence the above 
work also confirms the theory and the use of the surface tension balance for 
finding the surface tension of the solutions. 



(23) Abstracts. 125 

65. After-glow in Silica discliarge tubes. 

D. B. Deodhar, Lucknow. 

It is observed that a strong after-glow persists in discharge tubes made 
of silica. The intensity of the after-glow depends upon the pressure of 
the gas in the tube, being tho strongest at pressures in the neighbour- 
hood of ’06 to *1 mm. of Hg. Tubes with H, 0 and X were tried and all 
of them gave equally intense after-glow. The tubes were excited by a 
small induction coil for two minutes and then were disconnected. The 
after-glow was of a greenish colour which lasted for about an hour. Such 
a long duration of the after-glow appears to be a remarkable phenomenon. 
If the glowing tube is observed in a good dark room it is seen that the 
glow consists of surging motions which keep on showing themselves. Direct 
vision spectroscope shows the existence of bands in the green and the blue 
region of the spectrum. An attempt to photograph these bands with 
the large spectrograph with hundred hours exposure was not successful. 
Investigations in that direction are continued with still longer exposures. 

66. Colour variations in the low voltage glow of hydrogen. 

A. G. Banerji. Lucknow. 

(Communicated by Dr. D. B. Deodhar.) 

Observations were made on the change in colour with changes in 
voltages, currents and pressures in a hydrogen discharge tube. A speci- 
ally constructed tube of quartz was employed, which could be evacuated 
to pressures varying between *02 mm. and upwards. It consisted of an 
anode of thin nickel plate and an oxycathode of platinum. The cathode 
was heated by a current from a series of secondary ceEs and a positive 
voltage was applied to the nickel plate. All the impurities were carefully 
removed by washing the tube several times with hydrogen obtained by 
heating the palladium tube inserted into the side of the discharge tube. 

It was observed that the glow made its appearance on the anode at 
30 volts and at a pressure of *03 mm. of mercury. The most remarkable 
feature of the glow was its colour change as the pressure and the anode 
voltage were varied. At a pressure -4 mm. and upwards it was found that 
the glow had sky blue colour which only changed in intensity with the 
voltage, and at pressures lower than *4 mm. the glow at first appeared blue 
but it became pink by increasing the anode voltage and green when the 
voltage was further increased. 

Spectroscopic observations of these glows showed distinct prominence 
of the lines of the region whose colour was equal to that of the glow. 
This means a particular pressure and voltage favours the excitation of 
certain group of lines and therefore such group of lines can be easily 
analysed. This matter is being further investigated. 

67. Dielectric coefficient of Sulphur Hexafluoride. 

G. Gtindtj Rao, K. L. Ramaswam, and H. E. TVATSOi^r, 
Bangalore. 

By emplo 5 dng the h©terod 3 me beat, method at high frequency, the 
dielectric coefficients of gaseous sulphur hexafluoride were determined at 
the temperatures +25' and —80'. The values of (e— I) 10® reduced to 
equal densities at N, T. P. are respectively 2217 + 4 and 2215 + 6. 
These results indicate that the sulphur hexafluoride molecule possesses no 
dipole-moment. 

The value of (e—/) 10® calculated from the refractivity (Prideaux, 
J. (7. S., 80, 316, 19C6) is 1666 quite in disagreement with the above 
observed result. On the other hand the refractivity calculated from the 
values S = 550 (C. Cuthbertson, Phil. Trans. Roy. Soc. Proc. A., 204, 323, 
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1905) and (3i?'2=5S5 {ibid.) 205, 319, 1905) gives for (e— Z) 10® the value 
2232 which agrees with the observed results. 


68. Studies in Electric moments. Part I. 

M. A. Govinda Raf and B. N. Narayanaswamy. 

A sensitive alternating current bridge of the Scherring type has been 
set up, with a ZNF valve tollowed by a Moullin type volt-meter as a 
detector. With this apparatus and a new type of condenser for contain- 
ing liquids the dielectric coefficients of a number of solutions in benzene 
can be measured accurately at different temperatures, and the electric 
moment of the solute molecule calculated from the change of molecular 
polarisation with temperature. 

The moments of a series Pyridine, a, ^ and y pioolines and piperidine 
have been studied so far. Further work on other derivatives of pyridine 
is in progress. 

69. Supersonic Velocity in Air. 

S. K. Kflkarni Jatkar and H. E. Watson, Bangalore. 

Most of the results obtained by us till now show that the apparent 
wave-lengths in air at 50,000 cycles is 753 meters at 25' C which is double 
that of ordinary. The observed normal values are due to the crystal act- 
ing as an acoustic doublet. The main facts in support of this are ; — 

(1) The effect of covering the radiator face with a thin glass plate 

was to cut down the radiation from the back and enhance 
that from the front, the resulting wave-lengths especially 
nearer the crystal being twice that of ordinary. 

(2) The crystal was brought into oscillation only when the distance 

of the reflector was multiple of double the normal half wave- 
lengths when on the critical side of oscillating. 

(3) The effect of putting an aperture on the tube was to partly 

filter off the back radiation and give double the wave-length. 

(4) The values of half wave-lengths and the corresponding extent 

of resonance were high and low, the effect being mar&d with 
greater amplitude of the oscillating crystal. 

(5) The observed results are not due to the crystal vibrating at a 

lower or sub-fundamental frequency, as a careful search for 
this was made by a heterodyne receiver. 

The experiments are being extended to cover lower frequencies and 
higher temperatures upto 1,600 '(7 with a specially designed molybdenum 
wound furnace. 

70. On the measurement of absorbtion coefficient of mate- 

rials in Auditoria. 

S. Kalyanaraman, Madras. 

The work was undertaken in connection with an acoustic survey of 
certain auditoria in Madras. The author met with certain specimens of 
coir mats and cushions which are so commonly used in our public halls, 
and for which absorbtion data are not available on account of their local 
origin. The absorbtion coefficient for these materials have been measured 
by the author by the method of stationary waves using a tuned hot wire 
microphone. The arrangement adopted is generally that of E. T. Paris 
(Proc. Fhy. Soc., 1927) with certain modifications. The data obtained 
from the experiments were quite satisfactory and fitted in very well with 
the actual performance of these auditoria. 
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71. Some Theoretioal Aspects of Negative Circuit Constants. 

Lal C. Tekma^’. 

A brief review of literature on deduces having negative resistance is 
made and it is pointed out how it is possible to obtain negative capa- 
citance and negative inductance. New names are proposed for negative 
constants, i.e., nesistanee, napacitance, and ninductance. A system of a 
series of circuits is described by means of which it is possible to obtain im- 
pedances proportional to + where to is the cyclic frequency, 7 \ any 
positive or negative integer, and j is 1. 

It is proved that for transient states the circuits furnishing ninduc- 
tance and napacitance would behave just as they do under steady state 
conditions that is as pure negative constants, provided the nesistanee 
which forms an essential part of these constants is itself a pure negative 
resistance, which it invariably is in practice. Solutions of a few difieren- 
tial equations for circuits containing negative constants are presented. 
Good many of these lead to increasing transient currents, unlike the fami- 
liar decreasing transients so well known in connection with circuits con- 
taining the conventional positive elements. It is pointed out how these 
transients are prevented from going to infinity by virtue of the limited 
range over which the negative character of the circuits exist. 

72. Vertical Oscillations of a test tube float. A method of 

determining " g \ 

V. Appa Rao, Triplicane. 

The vertical oscillations of an ideal test tube float, in any liquid can 
be shown to be simple harmonic. The periodic time thus calculated for 
the ideal case requires two corrections: due to — 

(1) the viscosity of the liquid in which the float moves ; 
and (2) the increase in inertia, which is due to the distortion of the lines 
of flow round the hemispherical end of the float. 

The damping correction was calculated by observing the logarithmic 
decrement. The effective increase in mass due to inertia is a constant for 
a given float and was calculated for the hemispherical end of the float 
from the time of vertical oscillations determined experimentally. 

Experiment has shown that the damping correction amounts to only 
one in thousand and that the inertia correction comes to about 4 in 
hundred. 

The value of 'gr’ was calculated in the case of four different floats. 
The mean value was found to be 979-0 cm. sec.2 The highest value obtain- 
ed was 984*2 and the lowest 974*0. Three other values were near 979. 
The accepted value is 978*3 cm. sec.2 

73. Experimental study of the duration of contact of an elas- 

tic hammer striking a damped pianoforte string. 

Mohindiohan Ghosh, Calcutta. 

A detailed study of the loss of energy during impact of hard, elastic 
and felt hammers has already been made, where a new model of an elastic 
hammer has been given. 

In this paper the variation of the duration of contact for, one hard, 
two elastic hammers of the above model, and a felt hammer, each being 
of same weight has been studied photographically, for different striking 
distances of a string of length 600 cm. The time record on the photograph 
has been made b 5 ^ a fork of frequency 200. It is found that in aU cases 
the duration of contact varies discontinuously as the striking distance 
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increases. In studying the effect of the elasticity {E) of the hammer on the 
duration of contact when striking at the mid -point, it is found that, at 
iirst the duration of contact increases, then attaining a maximum value, 
slowly decreases, and tends to be a constant as E is further increased. As 
regards the effect of the radius of curvature (r) of the surface of contact of 
the hard hammer striking at mid-point it is found that the duration of 
contact for lower values of r is constant, then slowly increases as (r) is in- 
creased and finally becomes constant for large values of (r). The damping 
of the string is found to have little effect on the duration of contact as fol- 
lowing from our theory. In the case of the felt hammer it is found that 
the duration of contact multiplied by the fifth root of the velocity of the 
impact is constant as required by Hertz’s theory of impact. 


74. General theory of the pianoforte string. 

Mohinimohan Ghosh, Calcutta. 


The theory of the pianoforte string struck by an elastic hammer which 
may be considered as weightless spring backed by a liard hammer has al- 
ready been developed by Kar and the present writer. The above theory 
is applicable for mid -point only. 

In this paper the writer has considered the problem in a general way. 
The string is supposed to have damping. The impact is considered at a 
finite distance (a) from one of the feed ends of the string, the other end 
being at infinity. The duration of contact has been divided into a number 

of epochs 0, — , etc., where c is the velocity of transverse wave 
c c 

along the string. The displacement of the struck point and other points 
of the string during contact has been obtained. The expression for the 
pressure during second epoch has been found to be 

J 

Eo 


where 



k the coefi&cient of damping, Ti the tension, p the line density of the string, 
E the elastic constant, m the mass of the hammer, V the velocity before 
impact. 

The general case of a finite string of length (Z) struck at any point has 
been treated. The expression for the duration of contact struck by a hard 
hammer at the mid-point of a damped piano-string is shown to be 


^ 1 1 m 






if the hammer leaves the string during the second epoch (where m'=:lp> 
and 0=—^. Further it has been shown that Kaufmann, Das, Delemer,. 
and other theories are only particular cases of the above. 
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75. Note on Kramer’s theory of X-ray absorption. 

A. Gangtjli, Chandemagore. 

In an important paper Kramers deduced an expression for the X-ray 
absorption coefficient in the following form : 

and evaluated from other considerations. 

By considering an equilibrium between free and bound electrons, the 
present author along with K. 0. Kar [ZJ. Phys. 62, 510 (1930)] obtained 
the Saha equation as well as Richardson’s law for thermionic emission for 
non-degenerate and generate cases. Similar considerations have been ap- 
plied in the present case in which an equilibrium between the number of 
electrons having velocity between ‘v’ and and the number of 

quanta (which are responsible for electrons) that are absorbed by elec- 
trons is considered and thus the above expression is deduced. It is point- 
ed out that the factor follows directly from the calculation of number 
of bound electrons. * o ’ is however equal to n(n 1), ‘ n ’ being the prin- 
cipal quantum number. It is further mentioned that the bound electrons 
absorb radiation, which result in the escape of free electrons. This suggests 
a mechanism of photoelectric emission. 


76. On the total photoelectric emission. 

A. GAKGUiii, Chandemagore. 

The value of the absorption coefficient obtained from a previous paper 
(see preceding note on Kramer’s theory of X-ray absorption) is multiplied 
with the radiation density, the number of atoms per sq. cm. and the 
emissivity ( = 1 for black body). The following expression is obtained 
by integration 



The number of electrons obtained by dividing the above expression by 
Xv (since an electron is emitted by the absorption of a quanta according to 
Einstein’s law) multiplied by the charge ‘ e * gives in the first approxima- 
tion the value of the total photoelectric current in the following form 


i=N{E). 


512 
3 Vs 


^mie^^rnhT ■ 

aK^cWvQ ^ 


hvQ 

kT^ 


where N is the atomic number, ‘ n ’ the quantum number and vq is the 
threshold frequency. Thus 

b 

i=A . 


and the curve obtained by plotting log ^ against ^ gives straight lines in 

most cases. From experiment it is found that * i ’ increases with the 
atomic number of the metal which line with the above theory. It may 
however be pointed out may differ for the electrons ejected from differ- 
ent orbits as follows from wave-mechanics. 


77. On paramagnetism. 

A. Gakgtjli, Chandemagore. 

Paramagnetism is considered to be due to those valency Electrons 
that are pulled out to the surface from the various magnetic orbits ‘m’, 
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when the field is introduced. An equilibrium similar to that in the case 
of thermionic emission (Kar and Ganguli ZS. f. JPhys., 62, 610, 1930) 
between free and bound Electrons is considered, and the ionisation 
potential is replaced by the magnetic potential ‘ Em ’ all values of which 
for m=+y to — y being taken. Using the familiar relationships for Em, 
fi, j and g, we obtain the following expression for the paramagnetic 
susceptibility for non-degenerate case 

+ U + 1 ) iiy^KT. 

where Na is due to diamagnetism. This formula is similar to those 
obtained by Pauli (ZS.f. Phys., 41, 81 (1926)) and Van Vleck {Phys. Rev., 
31, 587 (1928)). Eor degenerate case, also we obtain Curie’s law, indicating 
that paramagnetic susceptibility is dependent on temperature, even up to 
very low temperature. This is in line with the experiments of Kammer- 
ling—onnes and others. A similar expression has been deduced by 
Howells {Phil. Mag., 10, 698 (1930)) as well. 

78. Studies in the Barkhausen effect. 

V. D. Dabholkab, Bombay. 

An apparatus has been set up to study the Barkhausen Effect in 
Steel specimens, using an Oscillograph. 

It is found that the discontinuities vary in number and size from 
specimen to specimen and show marked variations according to the 
position of the specimen on the magnetisation curve. 

A noteworthy point is, that with each specimen, there appears to be 
a critical value of the field at which the first large discontinuity occurs. 

The volumes associated with one discontinuity have been calculated 
and show a remarkable constancy. 

79. Current rectification at metal contacts. 

S. P. Chakeavarti and S. R. Kantebbt. 

Six different contacts of dissimilar metals namely Cu-Fe, Cu-Sn, Sn- 
Zn, Zn-Fe, Bi-Fe, and Pb-Sn were studied for their rectifying properties. 
As far as possible, small lengths of cylindrical rods with circular section 
were used. Their tips barely touched each other producing an imperfect 
contact at which rectification was found to take place best. 

In all cases, static characteristics showed that when the thermo- 
positive element was given a positive polarity, the characteristic reached 
saturation conditions, while with reversed polarities the contact behaved 
like an ohmic resistance. On the positive side the characteristic starts 
with being straight for a distance and then with a sudden rise, reaches 
saturation. 

The effect of varying contact area, pressure, and temperature were 
next studied. Rectification improved with diminution of contact area, 
point to point contact being the best. The rectification vanished on 
either side of the limiting added weights 1 to 2 gms. External heating of 
contact renders the characteristic almost a straight line up to the satura- 
tion bend. 

An attempt is made to explain the rectifying property by assuming 
that a thermo e.m.f. develops at the contact and that the resistance of 
the contact itself varies with terminal voltage. 

SO. Negative attemiation of electromagnetic waves at 
broadcasting frequencies. 

S. R. Kantbbet. 

Contrary to the accepted theory of radio wave propagation where 
the inverse distance law of field strength variation holds good, in the 
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course of the last few years it has been observed that at distances from 
the transmitter there is often observable a strength of signal much higher 
than could be explained according to the classical theories of electro- 
magnetic wave propagation. Instances thus far reported from England, 
Australia and Sweden refer to longer wave and close quarter observations. 
The present paper draws attention to signal augmentation instead of 
attenuation at broadcast wave-length and at several hundred miles dis- 
tance from the transmitter. From the topography of the land over 
which this transmission passes, it is suggested that such abnormalities 
are due to interference between the direct and the sky ray. 

81. Formation ‘Of standing waves on wires. 

Aijaz MohajVlmed and S. R. Ka^ttebet. 

The classical method of determining radio frequencies by the forma- 
tion of stationary waves on Lecher wires takes no note of the irregulari- 
ties in the wave form of current distribution. Unless the terminal con- 
ditions are definite and the length of lines some integral multiple of the 
wave-length to be determined, measurements become unreliable. The 
paper deals with a study of the alterations in the wave form as the 
length of lines is varied by small fractions of a wave-length. The result- 
ing complex distributions are shown by way of a number of resonance 
curves. 

82. Depth of modulation in modulated self-oscillator. 

V. V. Sathe, T. S. Rangachabi, and S. R. Kantebet. 

The strength of signal in broadcast reception is proportional among 
other factors to the depth of modulation of the transmitted carrier wave. 
The depth of modulation that may be obtained from a grid-modulated 
self-oscillator triode is very limited. All high power hundred per cent, 
modulated transmitters use elaborate circuits consisting of drive and 
modulated amplifier to obtain increased modulation. In the present ex- 
periments a pentode was used with the oscillatory circuit between the 
plate and the screen -grid. Experimental results show that 60 per cent, 
undistorted modulation is easily obtained. Even at this modulation, 
the carrier wobble usually experienced on oscillatory triodes is not percep- 
tible. Comparative performance curves taken at various modulating fre- 
quencies show that self -oscillating multi -electrode valves could conveni- 
ently replace the drive plus to modulated amplifier stages of deeply 
modulated transmitters. 

^3. Effect of transverse magnetic field on graphite-iron 
couple, etc. 

V. I. Vaidyanathan ayid Mukand Lal, Lahore. 

Experiments were made to study the effect of transverse magnetic 
field on the thermo e.m.f. generated in a graphite-iron couple. A gra- 
phite crystal was cut parallel to the crystallographic a-axis and pressed 
against an iron wire which formed the junction. This was heated elec 
trically and the temperature recorded pyrometrically. Cold water was 
circulated round the cold ends. In the first stages the direction of the 
current was from iron to graphite at the hot junction but at 390°C the 
direction of the current reversed. The couple has the neutral point at 
about this temperature. When transverse magnetic field was applied 
there was an increase in the thermo e.m.f. up to the neutral point whereas 
after the neutral point, the transverse field caused a decrease in the 
thermo e.m.f. 
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The following results were obtained. 


Tem]perature 

C 

R.M.F. (10- «) 
Without field. 

E.M.F. (10-0) 

With field (1500 Q) 

S3 

I 

t 76 

\ 

80 

191 

200 

218 

308 

265 

303 

354 

82 

116 

428 

133 

105 

492 

500 

453 

561 

928 

1 820 

! 


Due to experimental difficulties it was not possible to go beyond this 
temperature with this couple, though the object was to go up to the Curie 
point of iron. 

A platinum-iron couple was tried in the niagnetic field. The thermo 
e.m.f. generated decreased at first under the influence of the field, but at 
the Curie point of iron the effect vanishes. This effect and its disappear- 
ance at the Curie point, are of considerable interest in the theory of 
ferromagnetism. 

84. Vibrations of a circular plate of variable thickness. 

J. Ghosh. 

The author has discussed the free vibrations of a circular plate of 
isotropic material, either complete or annular, whose thickness at any 
point is a function of the radius. 

85. On the passage of a charged particle through a double 

array or ' avenue ’ of alternately positive and negative 
charges. 

Satyendba Kay, Lucknow. 

It can be shown that the particle will move with its velocity alter- 
nately accelerated and retarded, or will travel with alternately positive 
and negative rotational velocity about its axis perpendicular to the plane 
of the avenue, according to the disposition of the charges in the avenue. 

86. Planck’s ‘ /iv ’ as an ‘ exchange ratio ’. 

Satyendra Pay, Lucknow. 

TOien a vibrating particle stops, owing to transfer of its energy to a 
medium in which it sets up * waves % it can be shown that if the wave 
velocity is constant the waves are geometrically similar and that before a 
vibration of the source stops kv or hv wave-lengths in the medium shall be 
generated. One^ frequency of one particle is therefore equivalent to the 
same frequency in kv or hv shells of thickness A in any exchange of energy 
between source and medium. 

87. A simple parallel plate type of apparatus for finding 

Padiatio Constant. 

Satyendra Pay, Lucknow. 

The Denning’s apparatus for determining a reported to the j^agpur 
session, 1931, was further modified by making the areas of the radiating 
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and receiving surfaces absolutely eq\ial in a parallel plate condenser type 
of apparatus. The heater forms the bottom of a cylindrical vessel 
resting on the parallel plate below it, and thermally insulated from it by 
three cleats. Two methods of calculating the value of constant were 
employed, one at any temperature before the final fixed temperature is 
attained, the other when at the final temperature equilibrium is attained 
between the heat gained by radiation from the radiator and the heat lost 
from the receiver’s undersurface by Newton’s law of cooling. As the 
error in the two cases can be easily seen to be complementary and not 
independent of each other, a very good value of the constant is found by 
taking the * mean ’ of the results found by the two methods. This result 
differs from classical experimental values by less than 2 per cent. 


88. On a theory of catalytic action. 

Satyendra Ray, Lucknow. 

j>dQ for a thermodynamic cycle is not zero. It must therefore mean 
that a change of state takes place of the working substance during the 
cycle. In this continuous change of state during successive cycles the 
work done by the cycle can be utilised either to^help or retard a chemical 
reaction and the working substance would behave like a ‘catalytic 
agent’. 

89. The isentroplc for a substance obeying Grueneisen’s 

Law. 

Satyendra Ray, Lucknow. 

It is shown that a substance for which the ratio of the coefficient 
of expansion to the specific heat is constant independently of tempera- 
ture, it is not dQjTi but dQ itself, that defines the change of entropy. 
The equation of the isentropic is derived. 


90. Calorimetry with volume of solids with the help of 
Grueneisen’s Law. 

Satyendra Ray, Lucknow. 

Grueneisen’s Law states 


{Ijv) (dvldT)p^G {l(m) (dQldT)p 

This leads to 

Defining temperature by the solid itself through the equation 
we get 

which determines the ‘heat content’ itself in terms of the temperature. 
Also the specific heat is given by 

a=(a/(?). 


91. Wiedemann-Rranz’s Law as composition of the separate 
identity (or atomicity) of molecular conductivities, 
thermal as well as electrical. 

Satyendra Ray, Lucknow. 

From an argument given in the paper on the colloidal theory of 
molecular weights, submitted to the Chemistry Section of the Congress in 
1931, it was found the two conductivities would themselves be constant. 
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This was tested by two teachers of the Isabella Thoburn College, 
Lucknow, Miss S. Ghosh and Miss J. H. Inglis, who found that they were 
atomic and not constant. The values of the Wiedemann-Franz’s ratio 
were then calculated from the latest values in the physikalische chemische 
Tabellen and found to be not constant but also atomic to exactly the 
same extent as the two component conductivities themselves. The ato- 
micities cannot be explained away as ‘ errors ’ by any means. 


92. Atomicity of lowering in the solidification point of solu- 

tions of metals in metals. 

Sa-Tyendba Ray, Lucknow. 

From the same tables solutions in 9 metal solvents of 22 metal 
solutes were examined for a Roult’s Law analogue. An atomicity can be 
easily seen. The ‘atom* of the Gefrierungspunktsniederung for the 
different solvents were to one another as 1 : 3 : 1 : 4 : 10 : 3 : 6 : 3 : 4. 

93. On the solution of the diaphantine equation + 

= h, 

Satyendra Ray, Lucknow. 

In connection with a physical problem the solution of the above 
equation was wanted. In the absence of any method known to the 
author 2 eight-valued, 2 seven-valued, 17 six-valued, 29 five-valued, 
55 four-valued, 93 three-valued, 169 two-valued together with hundreds 
of one-valued solutions between them were found by trial. Thus : 374 is 
the sum of the squares of 6, 7, 17 : 5, 5, 18 : 2, 3, 19:1, 7, 18: 2, 9, 17 : 7, 
10, 16 : 3, 13, 14 : 6, 13, 13, whilst 446 is the sum of the square of 6, 7, 19 : 
2, 9, 19 : 1, 11, 18 : 6, 11, 17 : 10, 11, 15 ; 9, 13, 14 : 6, 14, 16 ; and 1, 2, 21. 

94. The Meaning of Pressure. 

Satyendra Ray, Lucknow. 

Pressure is dimensionally force per unit area, energy per unit volume, 
and energy streaming into the surface, per area, per time, with velocity 
V. In kinetic theory pressure is dimensionally 

p=(N’/F)mc2. 

This is very akin to the heat content per volume. The specific heat is 
dimensionally (l/p)(dp/dr), so that either an infinite value of p, as for 
gases, at 0 '^A or zero value of the vapour pressure variation with tempe- 
rature as for solids, will make the specific heat equal to zero at absolute 
zero. For a constant value of specific heat for gases N/F must h© a con- 
stant, that is the Avogadro’s number must bo proportional to the volume 
or, what is the same thing, to the absolute temperature. 

95. Association of water in solutions of strong, weak, and 

non-electrolytes. 

I.‘Ramakrishna Rao, Patna. 

The structure of the Raman Band for water was studied in solutions 
of strong and weak electrolytes as well as of non-electrolytes. The theory 
proposed by the author explaining the changes in the structure of the 
band with increasing temperature and with increasing concentration of 
electrolytes is extended to make an estimate of the changes in the pro- 
portion of associated to single molecules of water in all the above types 
of solutions. 
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96. The triplet structure of the Raman Band for water and 

its significance. 

I. Ramakrishna Rao, Patna. 

On account of the controversy with Gerlach regarding the structure 
of the water band, a thorough study of the intensity distribution is made 
of bands arising out of a large number of lines in the visible and ultra- 
violet regions of the mercury are spectrum, and its triplet nature suggest- 
ed by the author confirmed. A study of the polarisation of the band has 
also supported this view. 

An explanation is given as to the origin of the triplet. 

97. Performance of parallel plate interferometers made in 

India. 

H. Parameswarak and S. Hariharai^. 

The authors have been engaged in making some interferometers 
of the Lummer parallel plate pattern and the attempt has met with some 
success. The methods adopted and the results obtained are discussed. 

98. A graticle ruling engine. 

H. Pabameswaran and C. S. Venkatbswaban. 

The paper describes a ruling engine constructed by the authors for 
ruling rizeaus and graticules of great accuracy as required for astronomi- 
cal and other purposes. Its performance is discussed. 

99. An auto-coUimation method for the determination of the 

radius of curvature. 

H. Parameswaran and C. S. Vekkateswaran. 

In optical and other work a problem often met with is the accurate 
determination of the radius of curvature of large non -reflecting surfaces in 
the ground stage. For such work the Focault test method cannot be 
employed and the spherometer method is not accurate enough. In such 
cases a pair of interferometer plates are laid side by side on the surface 
and these are observed by an auto-collimation telescope fitted with micro- 
meter eyepiece and illuminated cross wire. The separation between the 
two reflected images is measured and used to compute the radius of 
curvature. 

100. An interesting case of vibration in surfacing work on a 

lathe 

H. Parameswaran and C. S. Vekkateswaran. 

The authors have observed that when a thin metal plate clamped at 
its centre is being surfaced on a lathe, the operation becomes noisy and 
instead of a smooth surface a regular pattern results on the surface. The 
frequency of the note emitted is found to agree with that calculated from 
measurements made on the pattern formed showing it to be due to the 
vibration of the plate. 

101. On the canonical reduction of Hermitian forms. 

R. Vaidyarathaswamy, Madras. 

The paper gives a new canonical form for a bilinear Hermitian form, 
and derives an interpretation of the signature. This is applied to the 
reduction of polynomial Hermitian forms, and the geometry of the cyclic 
curves in the complex plane. 
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102. A generalisation of the theory of parallel transference. 

R. Vaidyanathaswamy, Madras. 

Tho paper discusses the generalisation of the theory of parallel trans- 
ference arising from the new differential geometry, in which the metric 
function is an arbitrary function of position, and of a contravariant 
vector, homogeneous of dimension 1 in the latter. The bearing of the 
e’ctension on the isometrical problem in the calculus of variations is also 
considered. 

103. On the general formal principles underlying the new 

mechanics. 

R. Vaidyanathaswamy. Madras. 

The paper treats of the connection between the ideas and methods of 
the wave-quantum-mechanics, with the theory of distributive operators. 

104. On Simson line. 

S. D. Seinivasan, Pondicherry. 

The locus of the intersection of the simsons of the ends of a chord 
moving parallel to a side of a triangle is a straight line, viz., the corres- 
ponding altitude. * 

Treat each simson as the line passing through a foot of the perpendi- 
cular on the parallel side and the mid-point of the line joining the end with 
the orthocentre. 

The simsons of the ends of any diameter meet at right angles on the 
nine-points circle. 

Treat the simsons as passing through the middle point of the line 
joining the end with the orthocentre and parallel to the well-known 
straight line passing through the orthocentre. 

105. Any vulgar proper fraction can be expressed as lying 

between two fractions having any given numerator and 
their denominators two consecutive numbers; the 
exceptional case. 

S. D. Seinivasan, Pondicherry, 

106. On the tabular form for comparing two given numbers 

with the roots of any quadratic equation containing a 
simple parameter. 

S. D. Srtnivasan, Pondicherry. 

107. On the summability of the conjugate series of a Fourier 

Series. 

B, N. Peas AD, Paris. 


108. Extension of Jacobi’s 0-function formula. 

K. Venkatchaliengae, Bangalore. 
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109, Fine structure of the 4686 line of Ee'^ in parallel elec- 
tric and magnetic fields. 

D, P. Ray-Chaxtdhtjri, Calcutta. 

In a previous paper {ZeiL f. Phys., 65, 824, 1930) the author calculated 
the fine structure of the line of hydrogen in parallel electric and 
magnetic fields with the help of the wave equations of Darwin and Dirac 
as adapted for the purpose by K. R. Sen. The same is now done for the 
4686 line of ionised helium, the method being applicable only to hydro- 
genic atoms. It is found that a large number of the components have a 
fine structure, but the magnitude of the maximum separation in most 
cases IS about *003 A. Separations of the components parallel to the 
fields are all within that range, and hence are scarcely measurable. Of the 
perpendicular components the lines i + 3 A , + 2ca and + 2a) + 6 A have a 
fine structure separation of *0115 A; the lines +ct) have *005 A, while the 
lines + 0 )+ A and ±co + 7A have °007A. All the lines have two compo- 
nents each, the lines ± oi alone having three components. 

oj and A are units of Zeeman and Stark efiect separations respectively. 


110. Difficulty of Schrodinger’s wave equation in the calcula- 
tion of diamagnetic susceptibility. 

D. P. Bay-Chaudhtjri, Calcutta. 

Van Vleck {Phya. Bev.y 31, 587, 1929) has used the methods of matrix 
mechanics for the calculation of diamagnetic susceptibilities and arrived 
at the general result that for substances without initial permanent 
magnetic moment Pauli’s expression {Zeit, j. Phys.^ 2, 201, 1920) is an up- 
per limit to the diamagnetic susceptibility, there being an additional term 
which makes a small paramagnetic contribution. Bitter {Phys. ZeiL, 30, 
498, 1929) arrives at a similar result starting from Schrodinger’s wave 
equation. It is shown that Bitter’s success is only apparent and due to 
his formal method of solution. To the Hamiltonian for an orbital electron 
without magnetic field he adds a perturbation term linear in E, the 
magnetic field strength. Analysis shows that the equation is rigidly 
soluble. Hence the matrix for the Hamiltonian consists entirely of 
diagonal terms, no terms of the type Hnk being present. This makes the 
additional term in Bitter’s expression vanish. It is shown that these non- 
diagonal terms are present only when we consider the spin of the electron 
along with its orbital motion. 


111. A correction to Laporte and Sommerfeld’s formula for 
the calculation of magnetic moments. 

D. P. Ray-Chaxjdhubi, Calcutta. 

The energy in a magnetic field of an orbital electron with spin is 

gjRT - 

^ — (Lz-j-iSz), where L- and Sz are 2 -components of the orbital and spin 

angular momenta. Dirac {Quantum Mechanics, p. 183) has shown that 
this may be written as 

where y — I + $ and g = the Lande splitting factor. The additional term 
is perpendicular to j the resultant angular momentum and makes a con- 
tribution when j changes by Laporte and Sommerfeld have 

calculated the magnetic moment of an ion in the case where the multiplet 
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separation is small but finite. Analysis shows that their method of calcu- 
lation neglects the part of the magnetic moment perpendicular to the 
resultant "angular momentum. The multiplet separation being small this 
part is expected to make an appreciable contribution. The complete 
expression for the magnetic moment should, therefore, contain a general 
term of the form 

( 1 ) 2 

(1) eH 1 . 

where ^=2mc ‘ ^2^ 

This is a paramagnetic term and like the diamagnetic contribution, is 
independent of the temperature if it is not very low. 

The failure of all theoretical formulae for the calculation of magnetic 
moments in the case of the platin\im and palladium series may be due to 
this term playing an important role in this case. 

An attempt is made to calculate this term in terms of measurable 
quantities. 

112. Equilibrium of a floating triangular prism. 

D. N. Sen and R. Sharanci, Patna. 

The problem of debermining the position of equilibrium of a tri- 
angular prism with one face not immersed has long been considered. 
New light is thrown about equilibrium by showing the possible number of 
positions under various conditions. In particular in addition to estab- 
lished result, it is shewn that there may be no position of equilibrium 
under certain conditions. It is shewn further that for a triangular prism 
there will always be a position of equilibrium with some face not immersed. 

113. On Scbrodinger’s Equation in wave mechanics. 

D. D. Kosambi, Benares. 

It is proposed to show that equations of the type + can be 
derived from a Hamiltonian principle, but that equations of the Schro- 
dinger type 

CZ3/x + A^+^M=0 

cannot be so deduced. 

1 14. After-glow of mercury vapour. 

P. K. Kicbgltj and Mela Ram, Lahore. 

Recent work in this Laboratory has shown that the after-glow of 
vapour distilled from a mercury arc is due to the presence of metastable 
ionised mercury atoms in the glow, in the state 5d^ {^D^). An attempt 

was made, by taking three mercury arcs in series giving a total length of 
the mercury after-glow of about one metre, to photograph the forbidden 
combination 5d^ in absorption, and obtain a crucial test 

of the hypothesis advanced here. The experiment however did not 
succeed, perhaps due to the insufiGLcient resolving power of the instrument 
employed, which in the present instance was a constant- deviation 
spectroscope. 

The authors have identified the line A 664:6*7 which appears in the 
list of the unclassified lines of ionised mercury given by Naude {Ann. d, 
Phys., vol. 3, p. 1, 1929), as 5d^ and this strengthens the 

belief that under certain conditions it may be obtained in absorption. 
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115. Spectra of Asl, Asll, and Aslll. 

Mela Ram, Lahore. 

The spectra of arsenic have been excited by means of electrodeless 
discharge and separated into various stages of ionisation by the changes 
in the lengths of the lines when the intensity of the discharge is varied. 
The metal was placed in a spherical bulb or a tube according to require- 
ment, and evacuated by means of a mercury diffusion pump. The high 
frequency discharge was produced with a large induction coil, a spark- 
gap and a condenser. The ring of light was focussed on the slit of a 
spectroscope. The bulb seldom needed heating up, as the heat produced 
by the high frequency currents was enough to volatilise arsenic in 
sufficient quantity. The method is a very elegant one and has been used 
before by L, and E, Bloch. A. three-metre concave grating was employed 
for photographing the spectrum from A 7000 to 2500. In all over 200 
lines have been measured. 

116. Spectrum of doubly ionised sodium. 

Mela Ram, Lahore. 

The lamp described in the proceedings of the last Congress has been 
used for regulating the distance between two sodium electrodes kept in a 
high vacuum. A large glass sheet condenser of about *05 mf. capacity 
was charged to about 40,000 volts by rectified current, and discharged 
through the sodium electrodes, and the spectrum was photographed with 
a small quartz spectrograph. A number of new lines have been measured 
between A 1900 and 2400 which are attributed to doubly ionised sodium. 

117. On a finite and continuous function which has no mean 

differential coefficient for any value of the variable. 

S. K. Bhar, Calcutta. 

About 16 years ago, Professor G. Prasad formulated the problem : 
Find a finite and continuous function f (a?) of ar, such that for no value of x 
is the mean differential coefficient, i.e., 

Lim. f (x + h)-J [x-h)_ 

2h 

existent (See Prasad’s paper in the Bulletin oj the CalciUta Mathematical 
Society, vol. 3, 1915, pp. 53-54). 

The problem remained unsolved up to now. (See BncyJclopddie der 
Mathematischen Wissenschaften, Bd. II. C. 9 b., p. 1092, where Prasad's 
paper is quoted.) 

The object of the present paper is to prove the existence of such 
functions by actually giving one. 

118. Velocity and pressure-distribution over the crest of a 

submerged obstacle in a stream of fluid of limited 
depth. 

N. K. Bose, Lahore. 

A particular case of this problem has already been solved in Ann. di. 
Matematica, (3), XXI, 237 (1913), though it was suggested by Kelvin in 
1904. This is the case of a cylinder submerged at a depth great in com- 
parison to its diameter. But the present case is much more complicated 
and not amenable to mathematical treatment. The submerged obstacle 
in this case is a ‘Weir’ very frequently used in irrigation works. This 
structure usually begins with a flat bottom, then a upward sloping or a 
curved approach to a raised crest that might be short or broad. Beyond 
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this crest there is generally a sloping bed finishing with a flat bottom 
which is at a lower level than the upstream one. This Weir, short or 
broad-crested, is used for measuring discharges as water passes over it, by 
the following equation 

Q^GB(H^lia)i .. .. . . (1) 

when Q is the discharge in cubic foot per second, B the length of the Weir, H 
the head of the UjS water above the level of the crest, ha head due to the 
velocity of approach, these two quantities being measured at a sufficient 
distance upstream of the obstacle where its influence is no longer felt, and 
C a constant. In actual practice G is never a constant, variation being 
sometimes 30 to 40 per cent, of its theoretical value. That 0 could not be- 
a constant is inherent in the very nature of the assumption made in deriving 
the formula, viz., 

v=z J2gh 

where v is the velocity of water at any point and h the height of the still- 
pond-level above this point. This relation never holds inside the fluid 
medium in the above case. 

As the above assumption about the velocity distribution does not 
hold, the relation (1) is not satisfied. In this paper a pressure* distribu- 
tion over the crest is assumed and a new law of velocity distribution 
arrived at. 

(2) The ‘Exponential Law’ of subsoil flow of water on a special 
ease of which the author read a paper in the Punjab Engineering Congress 
in 1930, holds as a particular case the following generalised form of 
Darcey’s Law 



were u is the velocity of water in the direction of S and i’l the head at the 
point. Darcey found a very similar relation that holds only in the hori- 
zontal direction, viz,. 


where I is the length traversed and h the drop in head in this length. 

The ‘Exponential Law’ that was deduced by the author is perfectly 
general and states 



where ^ and ^ are the velocity -potential and stream function at any time t 
and i/jQ corresponding quantities initially. They satisfy the following, 
relations as well 

^=0 

V 2^=0 

The following special cases of subsoil water flow has been dealt with. 

(1) Subsoil liquid pressure on brickwork foundations. 

(2) Flow of water round a tube well. 
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Presideyit: — ^Peof. P. Ray, M.A. 


Presidential Address. 

The Docteine of Yalexcy and the Structuee of Chemical 

Compounds. 

Ladies and Gentlemen, 

While I greatly appreciate the honour of being called 
upon to conduct the proceedings of the chemistry section of 
the 19 th Indian Science Congress, I am none the less con- 
scious of my own shortcomings and limitations. How much 
would I have liked that some one more deserving than myself 
could have been found to hold this position of distinction and 
responsibility, which has faUen so unexpectedly on mel I, 
therefore, crave all the more for your goodwill and co-opera- 
tion, which alone can make this session a success. 

Since the goal of chemistry may be defined, in a certain 
sense, as an interpretation .of the structure and properties of 
molecules, I need offer no apology in selecting ‘ The Doctrine 
gf Valency and the Structure of Chemical Compounds' as the 
subject of my discourse. This is a subject of fundamental 
importance to chemists in general and to the inorganic 
chemists in special, — a subject which forms the foundation of 
our science and has seriously engaged the attention of its lead- 
ing wrorkers since the time of Berzelius. As a result of the 
marvellous progress within the last two decades in the domain 
of physics, many of our old cherished ideas about atoms and 
molecules have undergone profound and revolutionary changes, 
which demand that the whole of inorganic chemistry should 
be rewritten before long on a sounder and more rational 
basis m the light of newer knowledge^ 

The Atoins. 

The ultimate units forming the building stones of our 
chemical science are atoms. The question, which has natural- 
ly troubled the chemists for more than a century, is ‘ why and 
how’ the atoms combine to form molecules- In spite of 
various hypotheses and theories, which fill the chemical litera- 
ture, the subject was as much a mystery a few years back 
as it was in Dalton's time. Nevertheless, by strenuous endea- 
vours, persistent pursuit and earnest devotion the chemists 
succeeded in collecting a stupendous mass of facts, and, by 
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marshalling these, built in reality, as if with an intuitive 
insight, much better than they knew. 

Since the development of the theory regarding the inter- 
nal structure of the atom by Butherford and Bohr in 1913, 
chemists have been in a position to solve this fundamental 
problem of their science, relating to the nature and the cause 
of the formation of valence bonds. This modern Butherford- 
Bohr model of the atom, as is well known, represents the latter 
as a very complicated structure with a comparatively small 
positively charged nucleus, surrounded by a number of elec- 
trons moving rapidly in definite, quantized, circular and ellipti- 
cal orbits, — ^the number of surrounding or planetary electrons 
being equal to that of the net positive charge on the nucleus. 
This number represents the atomic number of the element, 
whose significance was placed beyond doubt by the brilliant 
researches of Moseley. The nucleus is responsible for the 
entire mass of the atom, while the electrons in the outermost 
level determine its valency, as well as all its chemical and 
physical properties. 

The arrangement of the planetary electrons in different 
main and sub-quantum groups was first suggested by Bohr^ 
on the basis of spectral evidences. It was then modified 
and developed by Stoner and Main Smith® from a considera- 
tion of the magnetic properties, X-Vay spectra and finer grada- 
tions of valency of the elements. Subsequently, based on 
Hund's® theory of spectral terms, the entire scheme of elec- 
tronic distribution was further revised. These furnished a 
satisfactory account of the spectral and chemical properties 
of the elements, including their valency, and, in fact, gave a 
physical .interpretation of the entire Periodic Table. 

Chemical Combination. 

As "soon as the internal structure of the atoms, that ac- 
counted for their optical and other physical properties, was 
revealed, the search after an explanation regarding the cause 
of chemical combination followed as a matter of course. It is 
well known to all scientific observers that every spontaneous 
natural process is attended with a dissipation of energy. In 
other words, there is a general tendency in nature for the sys- 
t^s to pass from a less stable to a more stable condi- 
tion. ^ Naturally-occurring chemical changes are no exception 
to this law. Chemical combinations may, therefore, be said 
to result from the tendency of the atoms to pass from a less 
stable to a more stable state. When we examine the elements 
of the Periodic Table we find that all are not equally prone to 
chemical combination, some being more reactive than the 
others; besides, there is a group of elements, known as the 
:5ero group, whose members are chemically and electrically 



(3) 


' Presidential Address, 


143 


indifferent. These are usually termed * inert gases’. It may, 
therefore, be concluded that the atoms of inert gases repre- 
sent the most stable configurations or equilibrium forms among 
the known varieties of atoms. All the other atoms will conse- 
quently have a natural tendency to assume structures resem- 
bling those of the inert gas atoms. This is regarded as the 
underlying cause of all primary chemical combinations. 


Valency and its Mechanism. 

The most important ideas regarding the electronic nature 
of valencT were first suggested by W. 
Kossel’s and Lewis s and G. N. Lewis® in 1916, inde- 

eones. pendently of each other, on the basis 

of the above supposition. These tw’o famous theories laid the 
foundation of, and supplied the inspiration for the develop- 
ment of our modern views regarding the constitution of 
molecules. 

According to Ivossel, the atoms of elements other than 
those of rare gases strive to attain the stable electronic con- 
figurations of the latter, either by acquiring or losing the 
necessary number of electrons. Thus, in the series 

Elements ... ... 0 F Ne Na Mg 

Electron or atomic number ... 8 9 10 11 12 

oxygen and fluorine may assume the stable arrangement of 
ten neon-electrons by acquisition of two and ofie electron 
respectively, which w’ould give them a corresponding nega- 
tive valency of two and one, leading to the formation of 
stable O- and F” ions. Sodium and magnesium atoms, 
on the other hand, may achieve the same stable state by 
giving up one and two electrons respectively, in order to 
form Na+ and Mg++ ions. Thus each xmit of valency cor- 
responds with the gain or loss of an electron by the atom. 
The formation of a molecule like NaF is, therefore, due to 
the transfer of one electron from the sodium to the fluorine 
atom, the resulting Na+ and F” ions being then held 
together by electrostatic . attraction, in the molecule. 
Sodium fluoride is consequently regarded as a heteropolar 
compound. Kossel extended this view to the ease of remoter 
elements like nitrogen and carbon in compounds like NH3, 
GII4, CCI4, etc., though the constituents of these latter 
seldom appear as ions, due, according to him, to the strong 
electrostatic attraction of the highly charged central atoms 
— ++ 

N ” and C== or 0*^^*. It was further pointed out that, 
since the number of planetary electrons in the inert gas 
atoms is represented as He=2, Ne=2 + 8, Ar=2 + 8-f8, etc., 
the formation of a group of eight external electrons' is the 
characteristic feature of all stable arrangements. 
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With this simple assumption, based only upon atomic 
number, he succeeded, without the acceptance of any parti* 
cular atomic model, in explaining the chemical behaviour of 
a very large number of inorganic compounds, admittedly of 
polar character. 

KosseFs theory represented undoubtedly a great advance 
in our ideas of valency, so far as the heteropolar compounds 
were concerned. But there are molecules like Hg, Ng, 0^, 
COg, SOg, etc., as well as the vast number of carbon com- 
pounds, in which the assumption of such an ionized linkage 
can hardly be justified by their properties — a fact which 
Kossel himself did not fail to recognize. They are termed 
non-polar or homopolar compounds. 

A satisfactory explanation of the valence character of 
this type of compounds was furnished in the same year (1916) 
by G. N. Lewis, who advanced a very important concept that 
the attainment of the stable electronic configuration of the 
nearest inert gas, which underlies the process of all primary 
chemical combinations, can be efiected not only by transfer, 
but also by sharing of electrons between the atoms in a 
molecule. Two chlorine atoms, each with a number of seven 
peripheral electrons, may assume stable configurations of 
eight external electrons for each by mutual combination to a 
chlorine molecule, in which a pair of electrons, held in com- 
mon by the two atoms, serves as the binding link. Each 
chlorine atom in the molecule contributes one electron to the 
shared pair. Thus, 


:a* + -Ci: 


■V : C4 • C-t- (single bond) 


: 0 • 4 - • 0 : 


^ 0 r .* 0 (double bond) 


Bach unit of valency is thereby identified with a pair of shared 
electrons. The application of this view to a large number of 
non-polar compounds was made with conspicuous success by 
Langmuir®, who termed this type of linkage as * Govalency ' 
and the previously discussed ionized type as ‘ Eleotrovalency \ 
In covalency both the shared electrons of a pair may 
sometimes be supplied only by one of the combining atoms. 
For instance, the sulphur atom in sulphur trioxide furnishes 
two such pairs to two of the oxygen atoms : 



-f 





0:s:0: 

o. 


Each pair, thus shared, would be equivalent under this 
condition to a double bond, as it increases the valency elee- 
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trons of oxygen by two and thereby saturates the latter. Such 
a bond is regarded as a mixed double bond or semipolar 
double bond b^y Lowry and Sugden^, and is represented by 
means of one polar (electrovalent) and one non-polar (co- 
valent) bond as follows: — 

0 

II 

0 — S — 0 

+ + 

This special type of covalency is also termed co-ordinate 
covalency or simply co-ordination valency by Sidgwick®, since 
it has been found by him to be of special use in explaining the 
formation of Werner’s co-ordination compoimds. 

Another characteristic feature of Lewis’s theory is the 
assumption of a static atom model — a cubic model, at the 
eight corners of which are located the eight electrons, corres- 
ponding to a stable configuration. The theory is, therefore, 
usually known as the ' Octet Theory of Valency 

The above discussed explanation regarding the cause of 
chemical combination and the formation of valence bonds, 
however, fails in the case of elements of the transitional 
groups. The elements in these groups exhibit either variable 
positive valencies, or, as in the case of the rare earths, a 
constant or fixed valency. This unusual behaviour in their 
case is explained by the assumption that, during the evolution 
of their atoms, some of the vacant levels of inner quantum 
groups are gradually filled up with electrons at a later stage 
in the process, after some of the outer groups have been 
partially possessed. This leads to the building up of quasi- 
stable structures of pseudo-inert gas type at certain points 
in the Periodic Table, represented by nickel, palladium and 
platinum atoms, corresponding with the completion of inner 
quantum groups. 

We thus arrive at two main types of valency, electro- 
valency and covalency, which satisfactorily explain the forma- 
tion and constitution of two main classes of chemical com- 
pounds — ^the heteropolar and homopolar. That there are 
two types of valency, has been recognized by chemists from 
the long past, as the dualistic theory of Berzelius and the 
unitary theory of Dumas would suggest. 

Physical Inter'pr elation of the Electron- Sharing. 

Both Kossel and Lewis built upon static models of atoms, 
which were found to be untenable. A mechanism regarding 
the migration and sharing of electrons, based on the dynamic 
model of Bohr, was, therefore, suggested by IsToyes, Knorr, 
Sidgwick® and others, who assumed that in a covalent bond 
the shared electrons enclose somehow in their orbits the 
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-nuclei of both the combining atoms and stand in some sort 
of quantum relationship to the latter. On the other hand, 
ionic or electrovalent linkage leads to the formation of two 
independent stable electronic systems, held together only by 
electrostatic forces. 

These two types of valency do not, however, represent 
two entirely independent modes of linkage, but are related to 
each other as extreme cases of a series of transitional stages, 
so that one is transformed into the other by imperceptible 
gradations. These transitional stages are evidently due to a 
progressive deformation of electronic orbits. As a result of 
electrostatic action, the electronic orbits of one of the ions 
may gradually be drawn towards the other till a covalent 
binding is finally effected. This is illustrated by the follow- 


ing scheme : 

? ® 

? C3 


Electrovalent 

linkage. 

Transitional 

stage. 

Covalent linkage 
with a dipole^ 
moment. 


C3> 

Ideal covalent 
linkage. 



- Stated in a reversible way, this is identical with Lewis’s 
gradual shifting of the .electron pair in favour of one of the 
combining atoms, till a homopolar bond passes into a hetero- 
polar one. No sharp line of demarcation can, therefore, be 
set between ionic (electrovalent) and atomic (covalent) bind- 
ings. The possibility of such orbital deformation was first indi- 
cated by Kossel^, but has since been realized on the basis of 
experimental evidences by several investigators, specially by 
"Fajans and his co-workers from a study of molecular refrac- 
'tion. 

Covalent linkage, representing a true electronic bond 
betw^een the combining atoms, has been of great value in 
accounting for the stereochemical properties of compounds, 
specially in organic chemistry. 

As a result of the latest development of quantum theory 
on the basis of Schrodinger’s wave-mechanical principles, 
Lewis’s conception of homopolar or electron pair bond has 
been confirmed in a theoretical sense. This links up the idea 
of valency with the spectroscopic evidence of multiplicity. 
According to the wave-mechanical conception, the familiar 
electrons of Bohr’s atom have been replaced by * charged 
clouds ’ of varying density representing a time-average -of the 
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positions of electrons, which 'Can, therefore, no' longer be 
given particular location in the atom. -Instead of being con- 
sidered as an assemblage of particles, the atom should now be 
regarded as a source of waves. Thomson's^^ well known 
experiment on the interference of cathode rays furnishes strik- 
ing evidence of the wave-like character of electron streams. 
In this- new theory, all atoms or ions with closed shells are 
believed to possess a spherical symmetry, which agrees with 
EosseFs* view developed on the basis of general chemical 
facts. These closed shells are rather static than dynamic, 
i’.e., the density of their charge remains unaltered in time. 
This aspect ‘of the theory has been emphasized by Sommer- 
feld^^, and reminds one of the special picture of electron -cubes 
assumed by Lewis. 

On the basis of this new^ theory, London and Heitler^^ 
first established the principles for the formation of electron- 
pair bond in the case of hydrogen molecules, and, later on, 
extended it to more complicated atoms, making use of Pauli’s 
Exclusion Principle^^ and the discovery of ‘electron spin’. 
Pauli’s Exclusion Principle states that in any one atom no 
two electrons can exist completely in the same state. The 
idea of electron spin signifies that the electron revolves not 
only around the nucleus -of an atom, but can as well rotate 
about its own axis either in a clockwise or anti-clockwise 
direction. This, of course, attributes a finite dimension to 
the electron which wns usually regarded as a point charge. 
■The principle enunciated by London may be summarised in 
the following words. 

‘ If by bringing together two previously separated atom 
systems, the number of symmetrically bound electron-pairs 
increases by one, the manifestation and saturation of a homo- 
polar valency are thereby indicated. The spin moments of 
electrons of the bond-forming pair must be anti-symmetrical 
or anti-parallel. The valency of an element is smaller than 
its multiplicity value by one and is equal to the resulting spin 
moment. The binding force in a homopolar bond arises from 
the electron interchange between the combining atoms, or 
from the coupling betw^een their spin vectors.’ 

Though the substitution of the electron by a charged 
cloud seems to render many of the familiar electronic concep- 
tions of chemists rather a bit cloudy, and even to frighten 
many of us wdth a formidable array of mathematical symbols 
and expressions, still there is no reason to despair. On the 
other hand, chemist’s conception of homopolar bond has been 
placed on a definite theoretical basis, and all the results, which 
follow from Lewis’s theory, find their explanation in the new 
wave-mechanical views. Further, the electronic atom model 
still retains its former usefulness, since the results of wave- 
mechanical analysis are always translated back in terms of 
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this model, which offers a much more convenient mental 
picture of atoms and molecules. 

Metallic Binding. 

It might be enquired in this connection as to the nature 
of the binding force between atoms in the metallic state. 
An ideal homopolar bond is possible only between two like 
atoms. In any given metab the atoms are perfectly alike in 
all respects. This would suggest the formation of an ideal 
covalent bond between them, but the electronic structure, 
thus produced, would depart considerably from the stable 
configuration of the neighbouring inert gas atom. Besides, 
the characteristic properties of metals, such as conductivity 
for heat and electricity, emission of electrons b’y heat and 
light, etc. , definitely indicate the existence of mobile electrons 
in them, which renders the assumption of an ideal homopolar 
linkage absolutely untenable in their ease. The electropositive 
metallic atoms have a strong tendency to part with their 
valence electrons. Hence in the metallic state, the valence 
electrons of neighbouring atoms tend to leave their individual 
owners; but as none of them would tolerate any excess of 
electrons in their own sphere, these valence electrons would 
simply vibrate between the atomic cores. Such a view is more 
or less supported by the theory of metallic state, as elaborated 
by Sommerfeld^®, on the basis of quantum theory in its newly 
developed wave-mechanical phase. According to Sommer- 
feld, in a close packing of metallic atoms in their lattice, the 
.external electrons are freed from their mother atoms and 
behave like an electron gas enclosed in an electrostatic cage 
of positive metal ions, being in constant and irregular motion 
inside it. A metallic bond can, therefore, be represented by 
the symbol, 

© ^ © 


Glassification of Chemical Compounds. 

Having discussed the nature of various types of valence 
.bonds, we shall now deal with the physical and chemical evi- 
dences that lead to their recognition. The chemical compounds 
may conveniently be classified for this purpose under two 
main heads and discussed separately. 

I. Compounds of the first order, wdiich may again be sub- 
divided into: — 

(а) Salt-like or heteropolar compounds; 

(б) Homopolar compounds including the carbon 

compounds ; 

(c) Metals and metallic compounds. 
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n. Compounds of the second and higher order, further 
sub-divided into: — 

' (a) Simple molecular compounds. 

(h) Complex molecular compounds. 

I. Compounds of the Pibst Order. 

Conductivity . — ^The most obvious evidence for an ionic 
bond or otherwise is the direct observation of ionization in 
aqueous solution by means of conductivity measurement, 
-The method can also be applied to molten substances, as has 
been done by Biltz and Memm^^ in the case of a number of 
metallic and non-metallic chlorides. 

Crystal Structure . — ^Evidence of ionization in the solid 
•crystalline state has been obtained for substances like sodium 
chloride from a study of the Eesidual Bay (Eest-strahlen) 
phenomenon. The high reflecting power of these crystals indi- 
cates their conducting character and the presence of charged 
.constituents. 

A close relationship between the crystal structure and the 
nature of the linkage between two atoms in the molecule of 
a binary compound has been established by Grimm and 
Sommerfeld^^. The following main types of compoimds are 
characterised by definite physical properties and crystal 
lattices, associated with a definite nature of the valence bond. 

Salts . — ^These are solid, mostly soluble and difficultly 
volatile substances which crystallize in ionic lattices. There 
'are no molecules in the kinetic sense to be found in the 
lattice, the points in the latter being occupied by positive and 
liegative ions. The lattice energy in the crystal is derived 
from the residual unbalanced force on each of the combining 
ions, and is, therefore, of an electrostatic character. This 
accounts for the non- volatility of salt-like compoimds, as well 
as for their electrolytic conductivity in fused condition. Sub- 
stances, crystallizing in rock salt or caesium chloride type, 
form ionic lattices, and hence consist of molecules with ionic 
or heteropolar bond. In the case of ternary compounds, 
fluorit type of crystal structure represents an ionic lattice. 

Indirect evidence, regarding the ionized natm'e of the 
valence bond in salt-like compounds, has also been adduced 
by Grimm and Herzfeld^® from a calculation of the heat of 
formation of a number of existing and hypothetical binary 
compounds by means of Born*s cyclic process. 

Non-metallic molecules . — ^These are usually volatile, and 
form very soft crystals. Molecules like Hg, O3, NO, HgO, 
'etc., as well as all organic compounds belong to this class. In 
the condensed and crystalline state they are held together by 
•two types of '“binding forces, the strong inner-molecular 
covalent binding and a very weak inter-molecular ill-defined 
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attraction. On crystallization they form molecular lattices, in 
which the lattice energy is very feeble. The volatile nature 
and low hardness of their crystals are thus easily accounted 
for. 

Substances of the diamond type, — These, represented by 
diamond, silicon carbide, aluminium nitride and zinc sulphide, 
are .solid, dif&cultly volatile, almost insoluble and extremely 
hard substances. Their crystals form atomic lattice and belong 
to the diamond or Wurtzite (zinc sulphide) type, in which the 
atoms are linked together in a tetrahedral arrangement, being 
held by strong forces similar to the inner-molecular forces in 
non-metallic molecules. The entire crystal forms, as it were, a 
giant molecule in which all the atoms are linked with each 
other by atomic or homopolar bonds. A characteristic feature 
of this type of compounds is that the sum of the valence elec- 
trons of the two constituent atoms always equals eight. 

Metals, metallic compounds and alloys , — These are solid, 
difficultly volatile substances with characteristic metallic 
properties. As already stated, they crystallize in the metal- 
lic lattice. Hence the formation of metallic molecules and 
compounds is seldom controlled by usual valence regulations, 
based on the number of valence electrons. 

Rare gases. — In gaseous condition they are monatomic. 
When crystallized they form atomic lattice ; the binding force 
between the atoms is extremely weak and is identical with 
inter-molecular or Vander WaaTs forces. 

^ - Goldschmidt^® has also shown that the nature of the bind- 
ing forces between the building stones of a crystal is essentially 
connected with the following experimentally determined data. 

1. The type of geometrical arrangement of the atoms 

in a crystal. 

2. The distance between the atomic centres in a 

crystal. 

3. Hardness. 

4. Electrical and electro-optical properties of the 

crystal. 


He formulates two important types of crystal lattices, 
co-ordination lattice and molecular lattice. The former in- 
cludes ionic lattice, metallic lattice, and atomic lattice of 
the diamond-zinc blende type. Compounds like CO„ NH , 
SOo, etc., in the solid state, as well as all organic com- 
pounds form, as stated above, molecular lattices. A transi- 
tion between atomic lattice and molecular lattice is shown 
by what is known as the layer lattice (Schichtengitter) in com- 
pounds of the type Cdl^ and Mg (OH)^. 

distance between atomic centres in a crystal gives 
an idea about the strength and nature of the binding force. 
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Hardness of a crystal, wMeb is ‘a direct ^measure of the 
lattice energy, has been found to vary with atomic distances 
and valency,, decreasing with the former and increasing with 
the latter in co“otdination lattices. - 

Finally, electric and electro-optical properties of crystals, 
pyro- and piezo-electrical properties, as functions of charged 
.particles, furnish numerous data of considerable importance 
ior recognition of the variety of valence bonds. 

Molecular Refraction and Ionic Deformation. - 

It has already been pointed out that, between the two 
extreme types of ideal ionic and ideal atomic bond, there is a 
number of transitional stages due to the deformation of elec- 
tronic orbits of the ion, under the influence of the field of its 
neighbours. Fajans^^ has showm that a very convenient and 
reliable means to determine the nature and extent of this de- 
formation lies in the study of molecular refraction which, in 
an ideal heteropolar compound, behaves as an additive pro- 
perty, being made up of the characteristic ionic refractions 
of the constituents. Any deviation from the additive value 
indicates deformation or polarisation. Through a series of 
brilliant researches- Fa jans and his co-workers Hav-e been able 
to prove that the molecular refraction of an anion decreases, 
and that of a cation increases, with increasing deformation. 
Anions are evidently more deformable than cations, as in 
the former, due to its negative charge, the electrons are more 
loosely bound. 

Fajans summarizes the conditions most favourable for 
deformation in the iollowing words: — 

The smaller is the volume and higher is the charge of a 
cation, greater is its deforming action upon the anion. On 
the other hand, the larger is the volume and higher is the 
charge of an anion, the more is it deformed. The deforming 
action of a cation (such as Fe™, Co^, etc.) without 

an external shell of the inert gas type is greater than that of 
the one with an inert gas shell. 

The nature of the chemical bond in a molecule, therefore, 
will depart more and more from the ideal ionic type, approach- 
ing that of the non-ionic one,* as the deforming action of the 
cation and the deformability or polarisability of the anion 
increases. 

The deformation of electronic orbits often manifests itself 
in the development of colour, as the deformed orbits, being 
loosely held, belong to a higher quantum level. 

Parachor and the Chemical Bond. 

The work of Sugden^® on molecular volume at constant 
surface tension, which is independent of temperature and has 
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been termed * Parachor ’ by him, supplies important informa- 
tions regarding the nature of the valence bond. Sugden has 

shown that the molecular parachor, P= (where M = mol. 

wt; y, D and d are the surface tension, density of the liquid 
and its vapour respectively at any given temperature), is an 
additive property and is equal to the sum of its atomic para- 
chors, together with necessary corrections for certain struc- 
tural constants. Each type of atom has got its own constant 
paracbor value. The parachor value for a single non-ionic bond 
is arbitrarily chosen as zero, and hence serves as the reference 
level. A triple bond, double bond, rings with difierent num- 
bers of atoms, etc., have their own characteristic values. The 
parachor constant for a j)olar or ionic bond, which is identical 
with that for a co-ordination or semipolar double bond, is 
negative and small. This provides a strong support for the 
distinction that has been made, on the basis of the electronic 
theory of valency, between a normal covalent bond, a co- 
ordination covalent or semipolar double bond, and a true 
double bond. The parachor contributions for these structural 
terms are 0, — 1*6 and 23.2 respectively. A true double bond 
evidently indicates a sharing of four electrons. 

The parachor values have been determined for about 267 
substances, and all these show a satisfactory agreement with 
the calculated values, inspiring a great confidence in the 
theory. 

The parachor determination in certain cases indicates, 
however, the formation of a single-electron bond, to which a 
value of —12*4 is attributed by Sugden. 


Dipolemoments. 

Erom a study of the dipolemoments of molecules, whose 
theory was first developed by Debye2^ information about 
the extent of electrical disturbance inside a molecule can be 
obtained. A molecule of sodium chloride, for instance, re- 
presents an ideal electrical dipole, consisting of two opposite 
unit charges separated by a definite distance. The effect of 
such a dipole is measured by its electrical moment. Hence, 
ideal covalent molecules possess no dipolemoment. Develop- 
ment of a permanent dipole character, shown by a large 
number of ^ substances, evidently results from the distortion 
of electronic orbits or shifting of the shared electron pairs in 
the molecule. The strength of the dipolemoment, therefore, 
serves as a measure of transition between homopolar and 
heteropolar bindings. Polarities of this latter type, conse- 
quent on the shifting of shared electron pair in the molecule, 
have been largely assumed in developing the electronic theo- 
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ries in organic chemistry, generally known as the * theory 
of alternate induced polarity*,^® 

The term dipole molecule is mostly applied to those with 
such partial polarities, as distinct from ionized molecules 
of the sodium chloride type, and is represented by the symbol, 



The capacity for molecular association, exhibited by many 
substances, is closely connected with their dipolemoment as 
shown below, and should therefore be regarded as derived 
from pure electrostatic attraction. 



Sidgwick’s^® interpretation of the same, as a result of actual 
chemical combination due to electron sharing, has, however, 
not much convincing-evidence in its favour. We shall further 
learn that the dipole theory plays an important part in the 
formation of molecular complexes. ' ^ 

Absorption Spectra and Valency, 

The relation between absorption spectra and the nature 
of the chemical bond has been studied with respect to: 

(i) X-ray absorption. 

(ii) Absorption in visible and ultraviolet region. 

(iii) Infra-red absorption and the Eaman Effect. 

(i) X-ray absorption, 

Lindh^^ and Stelling^® have shown that the frequency 
of the K-absorption edge of any given element in a compound 
or radicle varies primarily with its valency, and increases with 
the latter for positive iCns. This is evidently due to the fact 
that the wave-length of the absorption band is determined 
by the energy required to remove a K-electron from its normal 
level to a position outside the atom. This energy naturally 
increases with the positive charge of the atom. The position 
of the absorption band is also mfluenced by the nature of the 
chemical bond. The absorption frequencies of chlorine and 
sulphur in various chlorides and sulphides depend on the 
nature of the positive atom, i.e., on its deforming or polaris- 
ing power. With increasing deformation of the anion, its 
absorption edge is gradually shifted towards shorter wave- 
length; or in other words, with increased positive character, 
the bond becomes harder as explained above. Introduction 
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of neutral molecules like HgO and NH3 between the positive 
and negative ions lowers the anionic deformation on account 
of -the increased distance, and consequently the absorption 
edge of the latter becomes softer or displaced towards the red. 
The study of the K-absorption spectra, therefore, serves to 
distinguish, and indicate the transition, between homopolar 
and heteropolar bindings. 

Much interesting results have been obtained in the case 
of certain complex cobalt and chromium salts containing 
chlorine. When compared with those for gaseous chlorine and 
other metallic chlorides, the results furnish strong evidences 
in support of Werner’s view of the constitution of complex 
compounds. This is evident from the values tabulated 
beiow^^. 


Substance. 

Wave-length in X.XJ. for chlorine. 

Ki 

K 2 

[Co(NH3)a]Cas . . ■ . . 


4385-6 

[Co(NHs)5Cl]Cl2 

4391-8 

4384-6 

[Co(lTH 3 ) 4 Cl 2 ]Cl 

4392-3 

4384-0 

[Co(NH3)5C1](N03)2 . . 

4391-7 

4384-0 

[Co(NH3)4Cl2]NOs . . 

4391-8 

4382-6 

[Co®)4(N02)3]C1.. 

.... 

4384-8 

[Cr(NH 3 ) 6 ]Cl 3 

.... 

4386-3 

[Cr(H2O)6]0l3 ... 

• • • • 

4384-4 

[Cr(H 20 ) 4 Cl 2 ]Cl 

4391-5 

4384-0 

[Or(NH 3 ) 3 Clg] 

4390-7 

4382-9 

CrCl 3 (sublimed) 

4391-4 

4380-2 

NiClgCsublimed) 

4390-7 

4383-8 

CuCl 2 {anhydrous) 

4391-7 

4384-2 

CuCl 

.... 

4384-1 

liOl 


4383-8 

Lia . 2 H 2 O 



4385-4 

NaCl 



4383-9 

CaCU 

.... 

1 4384-4 

CaCls . 6 H 2 O 

» • - • 

4386-4 


4393-8 

4381-6 


Compounds contaming chlorine atom, only outside the co- 
ordination zone, gives merely one absorption edge correspond- 
ing to that of chlorine ion in simple salts of the NaCl type. 
Those containing chlorine inside the complex show, however, 
two edges agreeing closely with those of gaseous chlorine in 
wave-lengths. This proves that the chlorine atom inside the 
complex is held by a ’ covalent or co-ordination bond. In 
anhydrous chlorides of chromium, nickel and cupric copper, 
the valence bond, as the results indicate, is of a non-polar 
type, due evidently to a strong deformation of the electronic 
orbits of chlorine. 
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' {ii) Absorption in visible and ultra-violet region. 

. From a consideration of the character of absorption spec- 
tra of diatomic molecules, either as a gas or in a state 
of vapour, Franck^® has determined the nature of molecular 
dissociation induced by the absorption of light. He has shown 
that non-ionic or atom^molecules dissociate by light energy 
into a normal .and an excited atom. Within atom-molecules 
he includes the elementary molecules with an ideal covalent 
bond, like H^,. Ng, O 2 , Clg, etc., as well as molecules with 
small dipolemoment, namely, NO, CO and ICl, since under 
normal conditions it is the atoms which oscillate inside these 
molecules. Compounds, such as Agl, AgBr, AgCl and HCl, 
have been found to behave spectroscopically as atom-mole- 
cules. 

In the case of ionic molecules, in which the ions vibrate 
against each other under normal conditions, dissociation by 
light results primarily in the production of two normal atoms, 
though ultimately it may lead to a normal and an excited atom. 

These two characteristic ways of molecular dissociation 
by light may, under certain reservations, serve as a criterion 
for distinction between ionic and non-ionic linkages. 

Dutta and Saha^^ have, however, observed that the 
vapours of the tetrachlorides of carbon, silicon, titanium and 
tin give a continuous absorption and behave like sodium 
chloride, which should, therefore, in the light of Franck’s 
work, be regarded as ionic compounds. But all physico- 
chemical evidences definitely indicate the contrary. This 
raises- the question of validity of Franck’s conclusion. 

Absorption spectra of substances in solution and in the 
solid state have also been largely investigated with a view to 
interpret the nature of the chemical bond inside a molecule. 
From a careful examination of the absorption spectra of ester, 
salts and free acids, Hantzsch®® has shown that the spectra 
of an ester differs greatly from that of the salt, whereas the 
free acid gives a spectrum which resembles that of the ester 
and often possesses an intermediate character between the 
two. If the bond is ionic in salts, which it evidently is, that 
of the ester should be regarded as non-ionic. 

In compounds like iodides of zinc, cadmium and mercury, 
whose absorption spectra in ethyl alcoholic solution consist of 
two bands, it has been observed that the latter are gradually 
shifted towards the red in the order, Zn — Cd — ^Hg. This sug- 
gests that with the increased polarizing capacity of the cation, 
the binding becomes increasingly non-polar in strong solu- 
tions; for, by diluting the alcoholic solutions of zinc and 
cadmium iodide to a mol. volume of 50,000 litres, the mole- 
cular spectra have been found to disappear, giving rise to that 
of the iodine ion®®. 



156 


Section III, Chemistry, 


(16) 


Similar observations have also been made on a more de- 
finite scale in the case of the absorption or rather reflexion 
spectra of solid compounds, specially the rare earth salts. The 
absorption spectra of these latter are characterised by sharp 
and well-defined narrow bands, which are, therefore, natural- 
ly attributed to the excitation of mobile electrons of the inner 
44-quantum, level of the earth atoms. The refiexion spectra 
of praseodymium compounds have been found to vary with 
the nature of the anion. In the halides, for example, the 
praseodymium spectrum is gradually shifted towards the red 
with increasing atomic weight of the halogen, and consequent- 
ly with its increased deformation. In the case of hydrated and 
ammoniated halides, on the other hand, the bands are dis- 
placed towards the violet end^®. This behaviour has been ex- 
plained by Ephraim and Eay^^ in a manner parallel to that 
suggested for the displacement of X-ray absorption bands. 

The anhydrous praseodymium halides may be regarded 
to depart considerably from the character of an ideal electro- 
valent compound. Nevertheless, a sort of polarity inside the 
halide molecules develops itself, as the electronegative halogen 
atom makes a greater demand upon the possession of the 
shared electron pair, which is thereby shifted towards the 
latter. The magnitude of this shift increases naturally with 
increased electron-affinity of the halogen atom. Consequently,,* 
the praseodymium atom becomes increasingly more positive 
in its halides in the order, iodide — ^bromide — chloride — ^fluo- 
ride. This makes the energy required for the excitation of an 
electron from the 44-layer of the praseodymium atom, which 
is responsible for .its absorption spectrum, increase exactly 
in the* same order. This accounts for the gradual displacement 
of spectral bands observed in its halides. In the hydrates and 
ammoniates, the dipole molecules of water and ammonia, by 
their attachment to the central metal atona, weaken the 
latter’s hold upon the shared electron pair, thereby helping 
the dissociation of the halide molecules into ions. 
violet shifting of the absorption bands of hydrates and ammo- 
niates is thus easily explained. The reflexion spectra .of. 
neodymium and samarium compounds^^ show analogous rela- 
tionship among themselves, in spite of certain complications 
due to the large number- of bands. 

The following table gives measurements for the spectra 
of praseodymium halides^®. 


€ 
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I. 

II. 

ni. 

Prl3 

456-5 

482-1 

495*9mjC4 

Prl3*6H20 

448-4 

473*7 

485 *5m^ 

Prig *9220 

445-2 

470-8 

484*5m/x 

Prig'oo H 2 O 

443-9 

468*9 

482*0m/x 

PrBrg 

453-2 

478-8 

493 -Omft 

PrBr3*6H20 

446-2 

471*8 

484*5mjLt 

PrBr3*co H 2 O 

444-1 

469*0 

482*3m/x 

PrBrg-GNHo 

449-8 

475*0 

48S*5m/i 

PrClg 

450-3 i 

475*5 

489*8in/x 

PrCla-THaO 

446-2 

472-7 


PrClg-oc H 2 O 

444-7 


4S2*4m/i 

PrClg-SNHa 

449-1 

474-4 

4S8*0m/x 

PrPs 

442-5 

468-0 

4S0*3mju 


A clear view of tlie gi’adual displacement of the absorp- 
tion bands of praseodymium halides is obtained from the 
following print. 


Red Violet 



Even in solutions, chlorides, nitrates, perchlorates, etc. 
of Pr, Nd, Sm and some other rare earth elements have 
been found by Selwood^® to give a slight shift of their ab- 
sorption bands towards the red with increasing concentra- 
tion. It was observed further that this behaviour was 
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connected with the diminution of magnetic susceptibility 
and the increase of molecular refraction with concentration 
of the solution. All these effects are evidently related to a 
gradual transition from an ionic to a non-ionic binding with 
the rise in concentration of the salt solution. 


{Hi) Infra-red absorption and the Baman-Effect. 

A large volume of work has been done on the infra-red 
absorption spectra with a view to elucidate the shape, size 
and structure of molecules. Each valence bond in a mole- 
cule is characterised by a fundamental vibration frequency 
of the atomic cores, which appears as an absorption band 
in the infra-red region. From the number of such bands, 
the shape and structure of the molecule are deduced. A 
notable achievement in this field consists in the detection 
of isotopes from a study of the infra-red bands. But, due 
to the difficulties of technique involved in the method, the 
progress made so far has not been, from a chemist’s point 
of view, commensurable with the labour devoted upon it. 

Fortunately however, in the recent discovery of Eaman 
Effect by Sir C. V. Eaman, a powerful, precise, extra- 
ordinarily simple and unique means has been found to ex- 
plore the nature and strength of the chemical linkage, as 
well as the shape and structure of molecules. Streams of 
papers dealing with the subject are continuously pouring 
in not only from Sir C. Y. Eaman ’s own laboratory, but 
also from all other active research centres of the world, and 
within a very short time a remarkable advancement in our 
idea of molecular structure has been achieved by its aid. 

The Eaman Effect^'^ is produced as lines of modified 
wave-lengths, associated with that of the incident radiation, 
in the spectrum of the light scattered by a substance, and 
may be represented by a reversible energy-reaction between 
the light quanta and the molecule of the substance accord- 
ing to the scheme, 

M + ^ M’*' + hv' . 

(normal (energy of incident (excited (energy of altered 
molecule) radiation) molecule) radiation) 

The essential features of this new radiation from a 
chemical point of view are; its universality, being observed 
in gases, liquids, vapours, crystals and glasses; and its re- 
presentation as an exchange of energy between the light 
quantum and the molecule. The frequency difference is 
completely independent of the wave-length of the exciting 
radiation, and coincides in magnitude with the infra-red 
absorption frequency for the molecule. Certain inactive 
frequencies, not occurring in the infra-red absorption, 
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appear, iiowe^>'er, most prominently in the Eaman spec- 
trum. A valence bond between any two given atoms 
in a molecule has its characteristic frequency shift 
Aiv), which, under usual circumstances, is only slightly 
influenced by neighbouring atoms, different states of aggrega- 
tion and temperature. The strength of the valence bond is 
calculated from the magnitude of the shift. 

A study of the Eaman spectrum combined with the infra- 
red absorption gives the number and frequency of all the 
fundamental vibrations of the molecule, from which, with the 
help of certain assumptions, conclusions about the space- 
eonflguration of the molecule can be made. Thus, calomel, 
in agreement with many of its other physico-chemical proper- 
ties, has been proved to possess a rod-shaped structure and a 
bimolecular composition, Cl-Hg-Hg-Cl. Sulp>hate ion 
gives a tetrahedral, and a carbonate or nitrate ion a pyramidal 
model respectively^®. 

Krishnamurti has shown that the Eaman spectrum serves 
as a distingiiishing test for covalent and electrovalent bonds. 
Molecules with eiectrovalency give no Eaman lines, w'hereas 
they come out prominently from covalent molecules. A large 
number of metallic and non-metallic chlorides, examined by 
Daure®® and Krishnamurti, has been arranged by the latter 
under three classes®®: 

(i) Those giving strong Eaman lines, viz., chlorides of 

Hg^ HgH P, As, Sb. C, Si, Ti. Sn and H; 

(ii) Those giving faint Eaman lines, namelv. BiCla. 

ZnCU, Cdl, and AUCI3 ; 

(hi) Those sfiving no Eaman lines, e.g.. chlorides of Na. 
K, XH,, Ba, Ag, Cd, Mg, Th, as 

well as CdBr., Pbl., KI, LIE, NaE and CaE,. 
Curiously enough PCI5 gives Eaman lines none of 
which coincide with those of PCia. 

This differentiation of the halides, on the basis of their 
Raman spectra, is in close agreement with the results of their 
conductivity measurements in the fused state^®. That the ex- 
citation of Eaman lines is only possible in a covalent com- 
pound. is hereby definitely established. The occurrence of faint 
lines, other conditions remaining unaltered, indicates a transi- 
tional stage between ionic and non-ionic bonds. The influence 
of association and of neighboming atoms upon the frequency 
shift of any given bond can be explained on the basis of altera- 
tion in the strength of the covalent binding, resulting from 
orbital deformation. Thus, the frequency of XO" ion has been 
found to decrease with increasing water-content of the crystals, 
as shown below®". 
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LiNOs 

Ca(N03)2 

Sr(N 03 )a 

Anhydrous 1086 

Anhydrous 1064 

Anhydrous 1 054em - 1 

mzO 

1073 

4 H 2 O 1045 

4 H 2 O 1051 „ 

3 H 20 

1050 


6 H 2 O 1053 „ 




9 H 2 O 1044 „ 


In the case of anhydrous nitrates, the influence of the 
cation shows itself in the decrease of NO3 frequency with in- 
creased deforming action of the metallic ion. Similar observa- 
tions have also been made by Pal and Sengupta^® on certain 
simple and complex metallic cyanides with reference to CN 
frequency. 

From a study of the Baman spectra of various nitrates, 
sulphates, cyanides, thiocyanates, etc., Krishnamurti con- 
cludes®® that the influence of sui'rounding atoms and the 
ziature of binding upon the frequency of vibration can be ex- 
pressed in the following words: — 

(i) The frequency of any given bond in a radicle rises 
in covalent compounds, of which the radicle forms a part, 
and approaches the normal value in compounds of electro- 
valent character. 

(ii) Increase of charge on the cation increases the fre- 
quency, increase of size however reduces. 

It is rather difficult to explain all cases on these assump- 
tions, and more experimental data will be needed before any 
such generalization becomes possible. 

Baman spectra have also been found useful in determin- 
ing the nature and degree of electrolytic dissociation. It thus 
serves as a test to detect the presence of non-ionized covalent 
molecules in solution. 


Magnetic Susceptibility. 

Valuable informations about the nature of valency are 
also derived from the magnetic properties of chemical com- 
pounds. Substances can be arranged in three diflerent classes 
according to their behaviour in a magnetic field, namely, 
diamagnetic, paramagnetic and ferromagnetic. Diamagnetic 
substances have no magnetic moment of their own ; the para- 
magnetic substances have got a weak, and the ferromagnetic 
a very strong magnetic moment. Hence, in a non-homogene- 
ous magnetic field, the diamagnetic bodies are repelled out of 
the field, while the paramagnetic substances are weakly, and 
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the ferromagnetic ones are strongly attracted towards the 
field. 

The dia- and paramagnetic properties of substances have 
been explained on the basis of modern atomic structure. 
Every individual electron in an atom possesses a magnetic 
moment of its own, contributed both by its orbital motion and 
axial rotation or spin. When the moments of different elec- 
trons mutually neutralize in full, as is the case in a completed 
electronic group or sub-group, the atom becomes diamagnetic. 
In the case of imperfect neutralization paramagnetic proper- 
ties develop. The quantitative values of magnetic properties 
are usually expressed in susceptibility per gram or gram mole- 
cule of the substance. Eor paramagnetic bodies, units of 
magnetic moment in the form of Weiss’s or Bohr’s magneton 
are also freely used. The magnetic moments of the ions of 
the rare earth elements have been explained by Hund^° from 
spectroscopic considerations, and those of the ions of the ele- 
ments of the first transitional group by Bose and Stoner^^ 
As is well known, all these elements are characterised by 
having incomplete groups of electrons in their atoms. Accord- 
ing to the wave-mechanical views, the orbital and spin 
moments of the electrons, participating in the formation of 
a covalent bond, are completely balanced or neutralized^^. 
The magnetic moment of a paramagnetic atom is, therefore, 
reduced by the formation of a covalent linkage. The variation 
of valency in a paramagnetic ion also i^roduces a profound 
alteration in its susceptibility, due to a change in the number 
of electrons in the incomplete shell. A comparison of the 
moments of Fe^ and Fe^ as well as of Cu^ and Cn.^ ions 
makes it clear. 

The nature of the valence bond and the structure of the 
molecule can, in many cases, be conveniently determined by 
measuring the magnetic moments of the substances under 
investigation. Mercury atom, for instance, with two elec- 
trons in the completed valence shell, naturally gives dia- 
magnetic ion or mercuric (covalent) compounds. Hg^ 

ion or covalent mercurous compound should, on the other 
hand, be paramagnetic. But, as a matter of fact, all mer- 
curous compounds are diamagnetic. This can be explained 
only on the assumption that the mercurous salts are bimole- 
cular, and contain the group Hg-Hg, either as Hga'^'^ion 
or as X — Hg-Hg- X. This has been actually verified by 
the X-ray analysis of calomel^®. The study of Eaman spectra 
and many other physico-chemical properties furnish evi- 
dences to the same end. 

The magnetic moments of the rare earth sulphides of 
the formula MeS^ have been found to be identical with those 
of their compounds of the type MeXg. Hence, it is concluded 
that the earth atom in Me S3 is not tetravalent but tri valent. 
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and the sulphides are true poly sulphides of the formula 

j\re.S3.S‘^^ 

Bose^^ has found that hydrated nickel cyanide, 
Ni(CN) 3 . 6 H 20 , has the same magnetic moment as all other 
simple "nickel salts, whereas the anhydrous cyanide is dia- 
magnetic. This definitely indicates a transformation from an 
electrovalent into a covalent bond on dehydration. In a 
covalent nickel salt, the Sg-shell is completed by gaining 
two electrons for two covalent bonds, while in Ni-^+ion it re- 
mains incomplete, having only eight electrons. 

Transitional stages between electrovalent and metallic 
bindings can also be detected by means of magnetic measure- 
ments. The magnetic moment of CuS is practically nil, 
whereas that of Cu++ion in its salts amounts to about 9 Weiss 
magneton number. CuO, on the other hand, shows an inter- 
mediate value between the two. This anomalous behaviour 
is best accounted for, as Klemm^® has shown, by the supposi- 
tion that a transition towards metallic state occurs in these 
cases and is practically complete in CuS. 

The magnetic moments of complex ions and molecules 
have been found in many cases to differ widely from those of 
simple ones. The relationship between the nature of binding 
in complex molecules and their magnetic properties will be 
discussed in a subsequent section. 

The magnetic properties of diamagnetic substances are 
more or less of an additive character. PascaB®, who has 
examined a large number of organic compounds, has shown 
that their diamagnetic molar susceptibilities can be expressed 
as the sum of the atomic susceptibilities, with certain correc- 
tive terms depending on the character of the covalent bond. 


Some Physico-Chemical Evidences. 

Solubility . — ^The solubility of a substance often supplies 
useful informations regarding the nature of valence bonds 
A true solution indicates complete miscibility of the solute 
and the solvent molecules so that all phase distinctions are 
removed, possibility for which increases with the similarity 
of the two types of molecules. This similarity, where it does 
not already exist, may be brought about by the process of 
solvation or hydration. Salts with, ionized bonds are usually 
soluble in water and liquid ammonia, whose dipole molecules 
are readily attached by the salt ions. On the other hand, they 
are insoluble in many organic solvents of non-polar character, 
since these offer little possibility for solvation. Compounds 
with covalent binding are easily soluble in organic solvents 
on account of the close resemblance between the solvent and 
the solute molecules, both being characterised by the same 
type of linkage. 
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We have seen that the parachor determination furnishes 
strong evidence in favour of semipolar 
double bond. This is further confirmed 
by stereo-chemical considerations of 
certain sulphur compounds. Derivatives of sulphinic acid and 
sulphoxides may be represented by the general formula 


Stereo-chemical 

considerations. 


R'orQp^^5~0 . 


Assuming that the sulphur atom has a tetrahedral structure, 
the oxygen atom may either be linked by a convential non- 
polar double bond, occupying two corners of the tetrahedron, 
or by a semipolar double bond at one of the corners. The 
molecule, in the latter case, can exist in two enantimorphous 
forms, as shown by the following electronic formulae: 


0 

It 


0 


11 ^ 


R or OR'' "R or OR' 


This has been actually verified by the resolution of a number 
of such sulphur compoimds by Phillips and his co-workers^®. 
Oxidation of sulphinic esters to sulphonates and of sulphoxides 
to sulphones immediately destroys the .activity, as a plane of 
symmetry is thereby developed in the molecule. ^ The pre- 
sence of semipolar linkage in sulphonates and sulphites is also 
indicated by their parachor determination^’’. 


Some unexplained cases. 

There are certain compounds of the first order, whose 
constitutions, on the basis of the electronic theory, are not yet 
quite clear and are interpreted in a different manner by differ- 
ent authors. They are: SPg, Pi's, PCI5, IP5, ICI3, BrFj, 
B.Hg, IQg, etc. Of these, SF^ is an extraordinarily stable 
compound; PF^ and IFg are also quite stable. The binding 
in these higher halides of S, P and I is evidently covalent, the 
substances being either gaseous or extremely volatile. The 
assumption of normal covalent bonds in their molecule, how- 
ever, violates the octet rule. Hence Sugden, following 
Prideaux^®, holds that they should be represented as having 
two or more singlet linkages or one- electron bond in their 
molecule. The parachor value of PClg, determined by Sugden, 
seems to support this view remarkably well. This is rather 
a chance coincidence, and unless the parachor values of other 
higher halides, mentioned above, be determined and found 
to agree with this representation, it would be difficult to 
accept this conception of singlet linkage for the sake of main- 
taining the octet rule. One-electron bond should certainly 
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lend instability to a molecule, and there is no reason to 
assume that highly stable compounds like SPg 
tain such linkages. Of late, however, Sidgwick^® and his co- 
woi‘ker have determined the parachor value for a compound 
of tervalent iodine, iodosobenzene propionate. It showed a 
parachor defect of 17*3 units instead of about 26, as might 
be expected, on the analogy of phosphorus and antimony 
pentahalides, according to Sugden’s representation. The 
assumption of singlet linkage, therefore, fails here. Evidently 
these parachor anomalies, exhibited by some elements in their 
higher valencies, should be attributed to an enlarged electro- 
nic shell beyond the normal octet, as has already been 
pointed out by Sidgwick^®. The dielectric properties of 
SbClg and PClg, showing that they possess practically zero 
dipole moment, are in support of this view^^. 

The valency of the above described higher halides is, how- 
ever, best explained on the basis of the newer quantum 
mechanics, as suggested by London®^. The electronic disposi- 
tion of the phosphorous atom may be represented as 
follows : — 


Quantum ( ^ * * 

number 1 

0 

0 

* 1 
-10 1 

2 

-2-10 1 2 

Valency. 

State of the 
atom* 

Electrons 

99 • • 

2 

1+ 

1+ 1+ 1+ 

1+ 1+ 1+ 

1+ 

3 

6 

Normal. 

Excited. 


Only the electrons of the valence shell are shown, and the 
main quantum number is omitted. 

Z= serial quantum number, 

magnetic quantum number, 

+ indicates positive spin. 

For the same mj, value, an electron may have two spin 
quantum (mg) values of positive and negative character. 
Now, according to the wave-mechanical representation, a co- 
valent bond results from the coupling of opposite spin 
moments of a duplet of electrons. Hence an excited phos- 
phorus atom may have a higher valency of five, giving rise 
to a more or less stable shell of ten electrons. In the non- 
excited atom, the spin moments of the two electrons in the 
-level balance mutually or are coupled together. They are, 
therefore, not available as valence electrons. In the nitrogen 
atom, where the value of the main quantum group, 2, limits 
the I value to 1, the excited atom, unlike phosphorous, cannot 
give five covalent bonds, but may have four covalent and one 









(25) Presidential Address, 165 

electrovalent bond by losing one electron. This gives rise to 
NHj+ ion, as is shown in the following scheme: 


Quantum ) ^ ’ 

number 

0 

0 

1 

-10 1 

Covalency. 

State of the atom (N). 

Electrons 

2 

1+ 1+ 1+ 

3 

Normal. 

SJ • • 

1 + 

1+ 1+ 1+ 

4 

Excited. 


Hexa-covalency of sulphur with a stable shell of twelve 
electrons can be similaiTy represented. The higher halides of 
iodine and bromine also present no difficulties w'hen viewed 
in this light. The formation of such stable shells of ten and 
twelve electrons was first suggested by Lewis. How far the 
assumption of singlet linkage is permissible on the basis of 
wave-mechanics is not yet quite clear, though Sugden has 
put forward a plausible quantum scheme for PCI- with one- 
electron bonds. 

The case of boron hydride, BgHg, represents a very vexed 
problem of valency. Notwithstanding the several views sug- 
gested, its constitution remains as much undecided as hereto- 
fore.®^ Sidgwick®® admits the existence of singlet linkage in 
the hydrides of boron. But the most plausible suggestion is 
due to Eastmann, Hellriegel and specially to Muller® 
According to this, the two inner electrons of the boron nucleus 
are supposed to act as valence electrons, and take part in the 
completion of its octet. Based on London's view, this can 
be represented as follows: — 


Main quantum 
number. 

1 

2 1 

Covalency. 

State of the boron 
atom. 

Subsidiary (1 . . 

quantum^ 
number im^ 

0 

0 

0 

0 

1 

-10 1 

Electrons 

2 

2 

1+ 

1 

Normal. 

>» • • 

2 

1+' 

1+ 1+ 

3 

Excited. 

»> • * 

2 


1+ 1+ 1+ 

it 

tt 

it • • 

1+ 

1+ 

1+ 1+ - 

5 

it 
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In the boron atom may be regarded as existing in 

the last e*xcited state and to exert an apparent covalency of 
five. Both the- boron atoms thereby complete their outer 
octets and assume the neon configuration with ten electrons 
in each, arranged in corresponding quantum levels. The elec- 
trons in Ij- and 2 i-quantum levels are shared between the 
boron atoms themselves, those of the 2^ with hydrogen atoms. 
Depicted in the electronic and the usual notations of valency, 
it gives the following pictures. 



(Electronic.) 


(Usual.) 


The two bent lines indicate a duplet bond in 1^-level, 
and the two straight lines between the boron atoms, a duplet in 
the 2 i-level. This would evidently generate a great strain in- 
side the molecule, accounting for its instability. Its physical 
resemblance to ethane is also set forth by the above formula, 
which is practically identical with the one proposed by Muller. 

It should, however, be pointed out that in an element of 
low atomic number like boron, the excitation of an electron 
from the first main quantum level to the second by means of 
chemical energy -is not at all unlikely, as it has been found, 
by calculation on the basis of Duane and Hunt’s equation, 
that the A;^-frequency for boron lies at or about the extreme 
ultra-violet region near the boundary zone.®® 

Compounds of the type KIg and KBr,,* as is well known, 
contain the complex ions like I “3 and Br“ 3 . These latter are 
extremely unstable and are evidently formed by electrostatic 
attraction between the free ions (I“, Br',) and neutral mole- 
cules (lo, Bi-g). Such combinations may be regarded as a 
case of induced valency. The formation of higher polyhalides, 
MXg, jMXy, MXj,, etc., is in joerfect agreement with this idea. 


II. Compounds of the Higher Order. 

Having dealt with the valence condition and structure 
of compounds of the first order, we shall now proceed to 
discuss those of the higher order. These are formed by the 
union of two or more different simple molecules, themselves 
with saturated valency, and, as stated before, may be classi- 
fied under two main groups: 

(i) Simple Molecular Compounds 

and 

(ii) Complex Molecular Compounds. 

The latter can again be subdivided into (a) imperfect and 
(h) perfect complexes, depending on their chemical and 
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physical properties. The distinction between the different 
classes is, however, never sharp, and one often merges into 
the other by insensible gradations. Nevertheless, there are 
some general physical and chemical -tests by which one can 
be more or less distinguished from the other. These give us 
some insight into the nature of valence bonds in compounds 
of the higher order. 

(f) Simple Molecular Compounds. 

The typical representatives of this class are the salt 
hydrates and the double salts, viz., FeSO^.THoO, CuSO^ 
5 H 3 O, 24 H,0, KCL etc. The 

presence of the individual constituent ions is easily detect- 
able in their solution. Hence the binding force between the 
different types of molecules is one of weak electrostatic charac- 
ter, which easily disappears in solution. The formation of salt 
hydrates is only a case of ionic hydration in the solid state, 
with ‘the water dipoles orientated and held in equilibrium 
around the cation. In double salts like alum, the anionic 
groups are in a similar manner distributed symmetrically 
around the polyvalent cation, A1+++. The water dipoles may 
evidently attach themselves both to the positive and the 
negative ions, 

(ii) Complex Molecular Compounds. 

That there are two types of complex compounds can easily 
be demonstrated. The one, the imperfect type, forms, as it 
were, a transition between the simple molecular compounds 
and the perfect complexes. A large number of metallic 
ammines like CuSO^.dNHg, CuSO^,. 4 NH 3 , NiClg.eNHg, 
NiCl 3 . 4 NH 3 , AgCl.NHg, etc., belongs to this class. Com- 
plexes of the. type MgBeF^, KgFeFg, ICHgl 3 , KCdIg, KgHgl^, 
etc,,, also come under the same category. They are partially 
dissociated into their components in solution, hence the 
usual analytical tests often fail to detect then presence. 
Physical methods, involving measurements of colour change, 
absorption spectra, electrol^ic dissociation, distribution ratio, 
migration number, etc,, are, therefore, more relied upon in 
these cases. Their co-ordination number is variable, depend- 
ing on external circumstances. This is illustrated by the step- 
wise decomposition of certain metallic ammines with rise of 
temperature®®. The composition of zincammine chloride at 
different temperatures is given below : 

ZnCl2 . . 10 6 4 2 INH3. 

Temp, -62^ 23® 54® 260® 430®a 

In contrast to this, there are compounds which give no 
characteristic chemical tests for atoms or groups inside the 
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complex zone, and in which the co-ordination number for any 
given central atom of a definite valency has a fixed value. 
A.ny attempt to alter this number leads to the complete dis- 
ruption of the complex ; only an exchange of different groups 
inside the co-ordination zone is, however, permissible. Thus, 
we have got a whole series of platinum compounds of the 
following character : 

[Pt(NH3)8]+*Cl4, [Pt(NH3)5Cl]+®Cls. [Pt(NHs)4Ca2]+®a2 

523 404 229 


[Pt(NH3)3Cl3]+'Cl, 

97 


[Pt(NH3)2Cl4f, 

0 

[PtCy-^Ka. 

256 


[Pt(NH3)Cl5]’^K, 

108-5 


In these, the tetravalent platinum- atom serves as the 
central atom of the complex. The figures under the formulae 
indicate molecular conductivity at 25® and 1000 dilution. The 
atoms, groups or molecules lying inside the complex lose their 
individual chemical character and form collectively an inde- 
pendent radicle or ion with a fair degree of stability. The re- 
placement of neutral ammonia molecules by atoms or groups 
like Cl, NOg, SO 3 , etc., which can normally exist as inde- 
pendent ions, affects the valency of the entire complex. 
Similar complexes are formed also by Co, Cr, Eh, Ir, etc. 
In combination with certain specific groups, Fe, Ni, Mn, Mo 
and W as well can behave likewise. The chemistry of the 
complex compounds, as is well known, was thoroughly 
studied and systematized by Alfred Werner, whose remark- 
able theory regarding the structure of these compounds, 
established on a solid foundation by his own numerous and 
illuminating works as well as by those of others of his school, 
still holds its undisputed position in this branch of our science. 
Fresh investigations, based on refined physical methods, have 
only served to confirm this famous theory. The co-ordination 
number for tervalent and tetravalent central atoms is usually 
six, while that for the bivalent ones is four. It rises, however, 
to eight in certain tetravalent molybdenum and tungsten com- 
pounds. The atoms or groups in a sixfold complex are 
arranged at the corners of a regular octahedron around the 
metallic atom at the centre, giving rise to cis-irans and optical 
isomerism under suitable conditions. The units in fourfold 
complexes are arranged at the four corners of a square in the 
same plane with the central metallic atom, which accounts for 
the cis-tmns isomerism, also occurring among them. 

Another important distinction between the two types of 
complexes is found in their magneto-chemical behaviour. 
This is only applicable to compounds with a paramagnetic 
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central atom. It has been observed that the magnetic sus- 
ceptibility of imperfect complexes is more or less identical 
with that of the simple ions as obtain in the hydrated or 
anhydrous salts of the elements, forming the central atoms 
of these complexes. On the other hand, the paramagnetic 
susceptibility of a simple ion undergoes a profound alteration, 
often changing into diamagnetic character, when the ion 
forms the centre of a perfect complex. 
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This is clearly shown in the following examples : — 
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The above two types of complex compounds were named 
‘ Associated ' and ' Penetration ’ complexes by the present 
writer in a previous paper. The associated complexes cor- 
respond to the partial or imperfect type, and the penetration 
complexes to the complete or perfect type. 

The Nature of the Chemical Bond in Compouiids of the 
Higher Order. 

We shall now proceed to discuss the nature of the binding 
in these three types of molecular compounds. In the simple 
molecular compounds, like hydrates and double salts, the 
binding, as already stated, is a purely electrostatic one. The 
assumption, that the molecules are here linked together by 
co-ordination bonds of shared electrons, as advocated by 
Sidgwick,®^ cannot be accepted in view of several convincing 
evidences to the contrary. In the first place, the number of 
saturated molecules in a simple molecular compound is some- 
times too large to permit of such an assumption. Thus, com- 
pounds of hexamethylene tetramine with several co-ordi- 
natively saturated complex cyanides have been obtained, 
which crystallize with a much larger number of water mole- 
cules than what is contained in the original salts. Hexamine 
itself has got no water of crystallization. Some typical in- 
stances of this class of compounds are given below.®® 


Original salts. 

Hexamine compounds. 

KsFeCye 

KsFeOys . C6H12N4 . SHgO 

KsCoCye 

KsCoCye . C6H12N4 . BiHgO 

Na2Fe(NO)Cy5 . 2H2O 

NaaFe(NO)Cy 5 . 06 Hx 2 N 4 . llHgO 

Mg(NH 4 ) 2 FeCy 6 

Mg(NH 4 ) 2 FeCy 6 . C6Hi2N4 . IOH2O 

CaKFeCye , 3H2O 

CaKFeCyg . C0H12N4 • 6H2O 


If neither KgFeCve nor hexamine, for instance, can separately 
act as acceptors or donors of electrons towards water molecules, 
there is no reason to suppose that they would behave other- 
wise when present together. The same argument can be 
equally advanced in the case of the following hydrated com- 
pounds, formed from aqueous solution by the union of two 
rlifierent eo-ordinatively saturated complex ions of the Werner 
type. 

[Cr(eii)2(OH2)2] . [Cr(C204)3], 2H2O; [00(011)3] . CrCye, 2H2O ; 

[Co(en)3] . [Cr(C204)3], ; [Co(en)8]2 . (PtCl6)3, I2H2O ; 

[Co(NH 3 ) 6]2 . (Pt Cl6)8, 2IH2O. 
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The formation of the above described hydrated compounds is 
best explained on the basis of an electrostatic attraction 
between the salt ions and water dipoles. In the case of 
hydrated hexamine compounds, the addition of urotropine 
molecules seems to increase the ionic attraction for the dipoles 
of water by altering the electric field of force around the 
ions. Secondly, the hydrated salts and simple molecular com- 
pounds, so far as they have been investigated, fail to give 
any Eaman lines corresponding to a real electronic bond 
between the constituent molecules. 

The nature of the linkage in associated or imperfect com- 
plexes may be regarded as a transition between the hetero- 
polar and homopolar bindings, in agreement with their physi- 
cal and chemical properties. The Eaman spectra give some 
indication of the formation of a weak duplet bond of electrons 
between the central atom and the co-ordinated units in these 
compounds.®* Absorption bands of the hydrated simple salts 
of several elements of the transitional groups have also been 
found to differ completely from those of their complex com- 
pounds of the imperfect and perfect types, the latter two 
resembling each other more or less closely in this respect.®" 
The preparation of several optically active modifications of 
imperfect complexes lends support to this view.®® 

The exceptional chemical properties, the directional 
character of the valence force, unalterable value of the co- 
ordination number, and the variation of magnetic proper- 
ties in several eases, are the characteristic features of the per- 
fect or penetration complexes; and by these they are easily 
distinguished from the other two types of molecular com- 
pounds. The units in these complexes are evidently held to 
the central atom by true co-ordination bonds of shared elec- 
trons, the strength of the binding being more intense than what 
obtains in imperfect complexes. The K-absorption bands of 
the chlorine atom of several complex compounds, as previous- 
ly observed, furnish a strong evidence in support of this view. 
The Eaman lines for fOo(NH3)e]Cl3 and [Co{NH3),Cl] 
Glj only confirm the same.®^ The following table gives a com- 
parative account of the frequency shifts in the Eaman spectra 
of a number of simple®^ and complex compounds.®* 
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Substance. 

Av in cm-i. 

Bond. 

[Cu(NH3)4]S04 

403 

Cu-N 

[Cu(NH3)4]Cl2 

408 

Cu-N 

[Zn(NH3)6]S04 

427 

Zn-N 

lCd(NH3)6]Ca3 

34Q 

Cd-N 

LCo(NH3)6]Cl3 . . _ . . 

4S0; W5 

Co-N 

HI 

2233 

H-I 

HBr 

2479 

H-Br 

HCl 

2780 

H-Cl 

Ha 

4155 

H-H 

CI 2 

556 

Cl-Cl 

N 2 

2329 

N-N 

O 2 

1552 

0-0 

Amine . . . . . . 

3322 

N-H 

PCI 3 

512 

P-Cl 


Assuming that the magnitude of the frequency shift is pro- 
portional to the strength of the binding, as a glance at the 
values for simple compounds would indicate, we may conclude 
that the co-ordination linkage is somewhat stronger in perfect 
complexes than in imperfect ones. 


Electronic Constitution of Complex Compounds. 

In a complex ion like [Co (NHg) e] the central cobalt 
ion is linked to the nitrogen atoms of ammonia molecules by 
means of co-ordination bonds or semipolar linkages, the nitro- 
gen atom contributing both the electrons of the shared pair. 
Sugden,®® however, suggests that the formation of co-ordina- 
tion bond consists in the sharing of one electron only, supplied 
by the co-ordinated units. This is rather inconsistent with the 
stability of some of these compounds. Besides, in the light of 
recent representation of the chemical bond by London, it is 
indeed difficult to follow how the spin moment of a single 
electron could balance that of two other different electrons — 
one of the central atom and the other of the contributing imit. 

Assuming therefore that the co-ordination bond is one 
of duplet type, it remains still to account for the diminution 
of magnetic moment of the central ion in its perfect com- 
plexes. Bose®® has suggested an interesting scheme in which 
some of the co-ordinated units are linked to the central atom 
in such a way that one of the duplet of electrons in each case 
is taken up in the inner incomplete shell of the atom, while 
the other is raised to a higher level. The rest of the co-ordi- 
nated units similarly contribute electrons to these higher 
levels, whereby the latter are completely filled up. The 
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distribution of the electrons for 
is thus depicted by him : 

Go 

3d 4p 4S 

+ + 

+ • NH 3 9 9 NHs 9 
+ 9 NHg 9 
- - + 9 NH 3 9 

+ 9 NHs 9 9 NH 3 9 


[Co(NH3)e]CI, and K^CrCy, 

Cr 

3d 4p 4S 

+ #CN##CN + 

+ ®CN#«0N4* 

+ # ON # # ON - 


-j- = electrons originally belonging to the central atom ; 
#=eleetrons originally belonging to the co-ordinated nnit.< • 


In the cobalt complex, all the shells of the central atom are 
shown to be completely filled up, which readily accounts for 
the diamagnetic character of the compound. In chromi- 
cyanide, however, the 3-d level of the chromium atom contains 
only seven electrons instead of its full quota of ten'; hence 
the compound, according to Pauli’s principle, should give a 
magnetic moment of 10-7=3 Bohr’s magneton, as is actual- 
ly observed. Bose, however, leaves the nature of the co- 
ordination bond or the mechanism of the sharing of electrons 
undefined. For, if in Bose’s scheme of representation the 
binding would have been of homopolar type, then, after 
London-Heitler’s theory, many of these complex compounds 
should have shown quite different values of magnetic moments 
from those actually found. The scheme further presents cer- 
tain difficulties when considered from a chemical standpoint. 
Thus, it is evident from the electronic distribution for the 
cobalt-hexammine complex that the nitrogen atom of each 
ammonia molecule must enlarge its usual stable shell of eight 
electrons to one of ten, if a chemical bond of shared electrons 
is really to be formed. Besides, the distribution of the six co- 
ordinated groups among the different levels of the central 
atom renders it extremely difficult in many cases to account 
for the stereo-chemical properties of inorganic complex com- 
pounds, as established by Werner. Bose’s scheme is based 
mainly upon the rule previously suggested by him and by 
Welo and Baudisch, which states that the magnetic moment 
of a complex, expressed in Bohr’s magneton value, is equal to- 
the difference between the atomic number of the nearest inert 
gas and the * effective atomic niimher" of the central atom,^° 
The term ' effective atornic fiuniher^ has been defined by 
Sidgwick as the total number of electrons around the nucleus 
of an atom in combination.'^^ That this rule does not hold 
good in many complex nickel and cobalt compounds, was previ- 
ously pointed out by the present writer. ^ ernes of 
such discrepancy are given below: 
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Substance. 

^Bohr 

(nearest). 

^Bohr after Bose and Welo’s rule. 

C 0 SO 4 . eNHj 

4 

1 

C 0 SO 4 . 3 N 2 H 4 

4 

1 

C 0 CI 2 * 2 N 2 H 4 

4 

3 

Cobalt (Co^^) biguanide 

1 

3 

Nickel dimethylglyoxime 

Dia 

2 

Nickel dicy andiami dine 

Dia 

2 

K 2 NiCy 4 . 2 H 2 O 

Dia 

2 

Nickel Bubeanate 

Dia 

2 


From a consideration of the chemical and magnetic pro- 
perties of the elements of the first transitional series, a 
scheme of electronic distribution in perfect complexes was 
suggested by the writer some time ago.®® With slight modi- 
fications in the light of newer knowledge it may now be 
represented as follows. The valence bond in complex com- 
pounds is regarded to be of the co-ordinate covalent type, 
both the electrons of the shared pair in each bond being 
contributed by the co-ordinated unit or atom. The electrons 
in the incomplete shell of the central ion take, therefore, no 
part in the bond formation. For the sake of simplicity, it is 
assumed that the central atom acts as a co-ordination centre, 
originally in the form of an ion or a charged particle. The 
following table gives the total number of electrons, the num- 
ber present in the incomplete shell, and the magnetic moment 
in Bohr’s magneton value for a number of simple ions of the 
elements of the first transitional group. The magnetic 
moments of the corresponding complexes are also shown for 
comparison. 
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The magnetic moments of the simple ions and of their 
imperfect complexes are almost identical, but differ wide- 
ly from those of the i^erfect complexes. This indicates 
clearly that in the formation of strong co-ordination 
bonds in perfect complexes, the electrons in the incom- 
plete Sg-shell of the ions are disturbed of excited. It 
is assumed that they are thereby raised to 4^- and 4^ -quantum 
levels. With this simple assumption the magnetic moments 
of the perfect complexes of these transitional elements can 
be easily accounted for, on the basis of Pauli’s Exclusion 
Principle, taking note of Bose-Stoner’s suggestion that only 
the spin moments of the electrons are effective here — ^the 
orbital moments being neutralized as the result of interaction 
with the co-ordinated units. In all the perfect complexes 
with the exception of Co^ and compounds, the elec- 

trons of the Sg -shell of the central atom are excited by the 
energy of co-ordination to the d^-level, which can be filled up by 
six electrons. In the case of perfect Co^ and com- 

plexes, the electrons are raised to both 4^- and 42-levels. 
Values calculated on the basis of the above representation 
agree remarkably well with experimental results. The only 
exception hitherto found is K^CoCye which is diamagnetic, 
though, according to the theory, it should give a magnetic 
moment of one Bohr’s magneton. This anomaly can, how’- 
ever, be explained on the supposition that the compound is 
bimolecular with a sort of metallic bond between the two 
molecules, so that the odd electrons of the latter mutually 
balance by coupling of their spin moments. The eight or 
twelve shared electrons from the four or six co-ordinated units, 
as the case may be, are arranged symmetrically in the form 
of a more or less stable external shell around the central atomic 
core. It will serve no useful purpose to assign arbitrarily any 
definite quantum values to them. The following diagramma- 
tic representation of the external electronic system in per- 
fect complexes would make this idea clear. 
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NH3 



[cr(NH3)6] 


-f -I- + 


X electrons belonging to the central atom. 

• electrons belonging to the co-ordinated atom. 

The constitution of metallic carbonyls may also be similarly 
represented. 

In associated or imperfect complexes of this group of 
elements, the energy of co-ordination is rather inadequate to 
excite the electrons of the central atom out of their normal 
Sg-leyel to 4:^- and 4^ -quantum groups; so the magnetic 
moment of the latter remains unaffected in these complexes. 

The data, concerning the magnetic measurements for 
the simple and complex ions of the elements of other transi- 
tional series, are not yet sufficiently large to permit of any 
useful discussion here. 

In all the three types of molecular compoimds discussed 
above, the source of attraction is the charge on the central 
ion; the units attracted are either ions, or molecules with 
dipole moment. The firmness of binding increases gradually 
with the charge on the atoms concerned, and diminishes with 
the distance between them. The attraction exerted by the 
central ion leads to a deformation of the electronic orbits of 
the co-ordinated units. With progressive deformation, the 
weak electrostatic bond in the case of simple molecular com- 
pounds is gradually transformed into a non-polar or rather 
semipolar co-ordination bond in imperfect and perfect com- 
plexes. A quantitative distinction ultimately assumes a 
qualitative aspect. Thus, the nature of the binding with all 
its varieties, as perceived in the compounds of the first order, 
finds its replica in those of the higher order. 


The Co-ordination Niimber and its significance, 

From what has been said above, the significance of the 
co-ordination number follows without much difficulty. 
Kossel^ developed quantitatively by calculation the condition 
of existence of complex ions on the basis of electrostatic 
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forces, and, from a consideration of the energy of formation 
for a number of possible types of association between a charged 
central atom and any given ion with opposite charge, deter- 
mined the composition and structure of the most stable type 
corresponding to the maximum energy of association. This 
gave the co-ordination number of the central ion, which was 
found to agree satisfactorily with facts. He concluded that 
the maximum co-ordination number of an atom increases with 
its valency. Magnus^® extended KosseFs method by taking 
into account the important role played by the volume of the 
central atom and of the associated units. He applied it 
further to the case of molecular complexes in which, instead 
of simple ions, ionic groups or neutral molecules with dipole 
moment, like GN“, NHg, HgO, etc., enter into co-ordination. 
The energy of formation, U, in these cases is given by the 
following equation after Magnus: 


U=pni-.-(n--n,Sp. 


where p= number of the co-ordinated units, 
nje= charge of the dipoles, 
ne = charge on the central atom, 
d= dipole length, 

r= distance between the nucleus of the central atom 
and the middle point of the dipoles. 

Sp = the ' Abschirniung ’ constant (screening factor) of 
the associated p dipoles. 


The maximum value of U gives the most stable type of com- 
plex. The results, which were found to give closer agreement 
with experimental values, indicate that the co-ordination num- 
ber of an atom increases not only with its valency, but also 
with its volume. Similar conclusions have also been arrived 
at by Biltz and Grimm, who calculated the lattice energy 
of the ammoniates from a knowledge of the heat of formation 
of the ammines, and the lattice energy of the simple salts. 
Identical views have recently been expressed again by 
Garrick,^® who, like Magnus, has determined the maximum 
co-ordination number of an ion from a consideration of the 
electrostatic attraction between the charged central atom and 
the dipoles of water or ammonia, the mutual repulsion of 
the dipoles, and the quasi-elastic energy of polarisation. 


COXCLUSIOX. 

Finally, it should, however, be pointed out that the 
various physical and chemical properties, which serve as 
criteria for determining the nature of the chemical bond, do 
not all lead to the same conclusion. The question, whether 
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the transition between electrovalency and rovalency occurs 
per saltuvi or gradually, can be decided one way or the other, 
according as the method, employed for measuring the chang:e 
in any particular property serving as an index of the transi- 
tion, is sufi&eiently sensitive or not. Thus, the photochemical 
decomposition of gas molecules, crystalline structure, magne- 
tic susceptibilities, Eaman spectra and X-ray absorption indi- 
cate an abrupt transition between the two types of valency. 
On the other hand, molecular refraction, dipole moment, 
absorption in the visible and ultra-violet region, electrolytic 
dissociation, volatility, solubility, lattice energy, etc., point 
definitely to a gradual transformation. In fact, there seems 
to be no real distinction between a continuous and a dis- 
continuous change. The same phenomenon may appear to us 
as continuous or discontinuous, depending on the fineness of 
our sense and instrument of observation, as well as upon the 
selection of the property characterising the phenomenon. It 
is, therefore, more appropriate, though apparently enigmati- 
cal, to state that in all natural processes there is a continuity 
in discontinuity or a discontinuity in continuity. 

In this short report I have not been able to give more 
than a very brief account of the various lines of investigations, 
through which a solution of the problem of valency and the 
structure of molecules is being attempted. As to a more 
detailed discussion, I plead my own incompetency in respect 
of some, and the limitation of time with reference to others. 
I have merely endeavoured to indicate the tremendous trans- 
formations that have occurred in our conception of valency 
and molecular constitution, as a result of the recent pheno- 
menal progress in physical science, regarding the knowledge 
of atoms and molecules. Though no finality in this respect 
can ever be claimed, since knowledge has no end, still it is no 
exaggeration to state that we have started our journey well 
and in the right direction, with many new rich aspects of 
truth unfolding before us. 
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1. Relation between the absorption spectra and the mag- 
netic susceptibilities of paramagnetic solutions. 

D. M. Bose and S. Datta, Calcutta. 

It is shown, in a note communicated to the Physical Section of this 
Congress that associated complexes of paramagnetic ions like 

[]Sri(H 2 C)) 6 ]++, [Ni(]Sr2H4)2]++, [Ni(NH8)6]++ etc. 

are formed by the interpenetration of the electron charge of the paramag- 
netic ion with those of the surrounding dipole molecules forming the 
complex. The magnetic moment of the ion present in the complex can in 
general be represented by a formula proposed by Van Vleck 

f‘= V4s(s+1)+Z(2 + 1) 

where 5=the resultant of the spin moments of the electron, 

Z= „ „ orbital moments. The more intimate the 

interpenetration, the less possible it is for the orbital moment of the 
paramagnetic ion (represented by the quantum number 1) to orient itself 
in the external magnetic field and therefore to contribute its full quota to 
the magnetic moment of the latter. The measure cf the association 
affinity between the ion and the dipole molecules surrounding it, is the 
deviation of the magnetic moment of the complex from the value 
calculated according to the above formula. 

On the other hand if vg is the absorption frequency of the paramagne- 
tic ion in the gaseous state and vs that of the same ion when forming part 
of a complex radicle, then it can be shown that 1ivs=hvg-\-w; where w is 
the work done in breaking up the association of the ion with the surround- 
ing dipole molecules. Thus the strength of this association is manifested 
(i) by the deviation of the magnetic moment of the complex from the 
theoretical value to be expected for the simple ion and (ii) by the shift of 
the absorption spectra due to the complex, towards the violet side. It is 
shown for a number of aqueous solutions containing paramagnetic complex 
ions that such a correlation actually exists. 


2. A new constitutional formula for benzene. 

P. C. Guha, Bangalore. 

The merits and demerits of the various proposed structural formulae 
for benzene are well known. The following new structure is tentatively 
put forward as explaining most of its well known chemical properties. 

In the new formula, the six carbon atoms are placed at the comers of 
a regular prism, as in the well known prism formula of Ladenburg, where 
are to be found six meta and three para linkages. In the proposed for- 
mula six ortho and three para linkings are postulated, diagonal corners of 
the prism faces being ortho and those occupying the ends of the vertical 
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edges being para. The meta 'linkings are dispensed with. The new for- 
muia, in perspective, may be represented as, 



A critical discussion of the chemical and physical properties of benzene 
with reference to the proposed new formula and the older formulse is 
made. 

3. Raman spectra of optical isomers. 

Gajanan V. Nevgi and S. K. Ktjlkabni Jatkab, Bangalore. 

The Raman spectra of the following optical isomers have been stud- 
ied: — (1) d. Pinene, (2) Z. pinene, (3) d. Sabinene, (4) Z. Sabinene, (5) d. A3 
carene, (6) Z. A3 carene. A special tube had to be designed to give satis- 
factory results with 7-8 c.c. of pure substances available. The spectra of 
d. and Z. Pinene have been fully analysed and have been found to be iden- 
tical except some variations of the intensities. In both the pinenes a 
characteristic band of definite structure has been observed which contains 
a series of 8 sharp lines in a^eement with the observations by Bonino and 
CeUa {Nature 126, p, 915; 1930). The spectra of the sabinens and also of 
A3 eacenes are also identical for the d. and 1. forms. 

Some of the shifts have been identified with definite chemical linkages. 

4. Raman effect in some reduced derivatives of benzene. 

Gajanan V. Nevgi, Bangalore. 

Raman spectra of the following substances have been studied: — 
(1) cyclohexane (2) cyclohexene (3) methyl cyclohexane (4) cyclohexyl 
acetate (5) cyclohexyl propionate (6) oyclohexanol (7) orthomethyl cyclo- 
hexanol (8) meta methyl cyclohexanol (9) para methyl cyclohexanol 
(10) cyclohexanone (111 ortho methyl cyclohexanone (12) para methyl 
cyclohexanone. 

The spectrum of cyclohexanol is not much different from its homo- 
logues. The isomers o. m. and p. of methyl cyclohexanols differ in their 
spectra only in the smaller shifts. The longer shifts are accompanied by 
changes in intensities and not in value. There are marked differences in 
the o. and p. methyl cyclohexanones. Some of the shifts have been iden- 
tified with definite chemical bonds. 

5. Raman spectra of amyl alcohols. 

Gajanan V. Nevgi and S. K. Kxjlkabni Jatkab, Bangalore. 

The Raman spectra of the isomeric amyl alcohols have been studied 
using 4046 and 4358 as exciting lines from a 3,000 c.p. Heraus Mercury 
lamp and the shifts obtained give the following wave lengths in A. TJ for 
the infra-red absorption : — 

(1) N. butyl oarbinol. 

3-37, 3*41, 3-48, 6-9, 7*7, 8*98, 9*4, 9*88, 10*43, 11*2, 11*83, 12*98. 
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(2) Isobutyl carbinol. 

3-38, 3-42, 3-48, 6*87, 7-61, 8-82, 9*41, 10*26, 10*49, 11*1, 12*03, 13*07. 

(3) Sec. butyl carbinol. 

3*37, 3*42, 3*48, 6*84, 8*86, 9*48, 9*77, 10*39, 11*0, 11*95, 12*97, 21*9, 
26*7. 

(4) Methyl n. propyl carbinol. 

3*37, 3*42, 3*48, 6*91, 7*69, 8*91, 9*76, 10*54, 11*25, 12*05, 20*1, 29*9. 

(5) Biethyl carbinol. 

3*37, 3*42, 3*48, 6*88, 7*65, 8*88, 9*69, 10*58, 11*93, 13*5, 20*5, 30*9. 

(6) Dimethyl ethyl carbinol. 

3*36, 3*42, 3*48, 6*86, 7 76, 8*44, 9*48, 10*74, 11*36, 13*76, 19*0, 28*0, 
38*8. 

The differences among various isomers are shown in the long wave 
lengths, i.e., beyond ISjLt. The shift 770 Av. attributed to the OH group in 
the amyl alcohols is present in all the primary alcohols but its value in the 
secondary alcohols is less and still less in tertiary amyl alcohol. The fol- 
lowing are the values of the shifts; (1) 770, (2) 765, (3) 771, (4) . . , 
(5) 741, (6) 727. 

^ The spectrum of tertiary amyl alcohol is much different from the rest, 
which is to be expected from its different chemical structure. Some of the 
shifts have been identified with definite chemical bonds. 

6. A note on the anomalous x-ray spectra of the simple and 

the complex iodates of titanium and tin. 

P. Eay, Calcutta. 

The simple and the complex iodates of titanium have been found to 
resemble the corresponding tin compounds in all chemical and physical 
properties including their molecular volume. The x-ray spectra of potas- 
sium stanni-iodate and potassium titani-iodate are perfectly identical, 
indicating a close isomorphous relationship. Curiously enough, the simple 
titanium iodate gives the same x-ray spectra as these two complex salts. 
What is still more strange, a stoichiometrical mixture of potassium iodate 
and titanium iodate gives an x-ray spectrum, in which all the lines due to 
titanium iodate vanish and even those of potassium iodate become very 
faint. No explanation can as yet be suggested for these anomalies, 

7. Effect of mechanical and chemical coUoidisation on the 

diamagnetism of antimony. 

S, S. Bhatnagar, R. N, Mathub, and Mxjlkh Eaj Vabma, 

Lahore. 

The magnetic properties of elements in the colloidal state have seldom 
been investigated. Li the case of antimony, however, it was found by 
some workers that the diamagnetism of this element decreases consider- 
ably on mechanical and chemical coUoidisation. These experiments have 
been repeated but the results show that the fall in diamagnetism observed 
by previous workers is mostly due to the oxide formation. Antimony 
powders and sol contain enough of antimony oxides to be estimated by 
ordinary methods. Moreover, after washing the powders with suitable 
reagents to remove the oxides, practically no fall in diamagnetism is 
observed. 

8. The dimorphism of trUaurin. 

R. K. Valvbkab and S. K. KtrLEABNi Jatabae, Bangalore. 

In continuation of the previous work (reported in AUahabad Science 
Congress, 1930) the cooling curve of specially purified trilaurin revealed the 



188 


Section III, Chemistry. 




temperature at which the molten liquid of the stable form changes into 
unstable form with absorption of heat before solidifying, the phenomenon 
having escaped the attention of previous observers as it could be ascribed 
to undercooling. ^ . , , , » i ^ 

The heat of this transformation is being determined by the method of 
twin calorimeters. 


9. The ‘ corona pressure ’ phenomenoa in electric discharges 
due to alternating fields of low frequency. 

S. S. JosHi, Benares. 

It was observed incidentally that when an alternating P.D. of the 
order of 15,000 volts (r. m. s.) was applied to a gas at a moderate pressure 
contained in the annular apace of two tubes sealed coaxially as in the 
Siemens’ ozoniser, a sudden pressure rise, followed by a slower pressure 
change, was produced just after the secondary P.D. was switched on. 
Reverse series of pressure changes is produced soon after the cessation of 
the current. Results are obtained bearing on the nature of the initial 
pressure change. 

10. Studies on the dependence of optical rotatory power 

on chemical constitution. Part XIII. Naphthylene 
derivatives of stereoisomeric iminocamphors and 
methylenecamphors. 

B. SiKGH and Bhutnath Bhaduri, Cuttack. 

Naphthylenediamines (1 : 2 and I : o) have been condensed with 
camphorquinones (d, Z, dl) and oxymethylenecamphors (d, Z, dZ). The 
rotatory powers of the enantiomers are found to be identical. The 
rotations of benzocamphanoquinoxalines (d, Z) are so low that the sign of 
their rotations is reversed. 1 : o Naphthylenebisimino-, and 1 : o naph- 
thylenebis-aminomethylene camphors are found to have much lower 
rotations than the corresponding 1 : 4 compounds. The introduction of 
an amino group in the 5 position of a-naphthyliminocamphor lowers the 
rotation and acetylation still further lowers the same. 1 : o Napthylene- 
bisaminomethylenecamphor obeys the simple dispersion law. 

11. Studies on the dependence of optical rotatory power on 

chemical constitution. Part XIV, Stereoisomeric 
amidomethylene-, and imido -methylenecamphors and 
their derivatives. 

B. Singh and B. Bhadttri, Cuttack. 

It is found that the rotatory dispersion of amidomethylene- and 
imidomethylene-camphors can be expressed by the one-term equation of 
Drude. 

The rotatory dispersion of the dextro and laevo forms is identical, and 
this supports Pasteur’s law of molecular dissymmetry. 

Benzalamidoinethyleneeamphor has been obtained in three forms d, 
Z. dl. Its specific rotatory power is more than twice as large as that of 
the amidomethylenecamphor. 

The internally compensated imidomethylenecamphor was prepared in 
two ways by the condensation of (1) amidomethylene-d-oamphor with 
oxymethylene-Z-camphor and (2) amidomethylene-Z-camphor with oxy- 
methylene-iZ-camphor. The products were in both cases inactive and 
identical as they had the same m.p. and mixed m.p. 
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12. Studies on the dependence of optical rotatory power on 
chemical constitution. Part XV. Chloroaryl deri- 
vatives of stereoisomeric methylenecamphors. 

B. Singh and Bhutnath Bhaduri, Cuttack. 


The chloro derivatives (mono, di, tri) of anilinomethylenecamphors 
(d, I, dl) have been, prepared. The rotatory power of the optically active 
isomerides (d, 1) determined in six solvents and for eight to nine wave* 
lengths (A=4800 to 6708 A. U) are found to be identical and can be ex- 
pressed by the one term simple dispersion equation of Drude, 


M = 


K 

A2-Ao 


2 


^ The polar effect as deduced from the electronic theory is traceable in 
optical activity ; the replacement of a hydrogen atom by a negative group 
such as 01, diminishes the rotation of the parent compound; further sub- 
stitution by a similar group as in dichloro and trichloro derivatives of 
anilinomethylenecamphor results in progressive diminution of the rotatory 
power. 


13. Studies on the dependence of optical rotatory power 

on chemical constitution. Part XVI. Bromo- and 
indoaryl derivatives of stereoisomeric methylene- 
camphors. 

B. Singh and Bhtjtnath Bhaditri, Cuttack. 

The optically active {d and 1) bromo- and iodoanilino methylene- 
camphors have identical rotation and are found to obey the simple dis- 
persion law of Dmde. 

Substituent influence on rotatory power in the optically active com- 
pounds is represented by H>0H3>01>Br>I; the series being identi- 
cal with the polar series; positions of iodine and chlorine being inter- 
changed. The influence of the solvents and position isomerism on rotatory 
power is discussed. 

14. Studies on the dependence of optical rotatory power 

on chemical constitution. Part XVII. Nitro- and 
oarhoxyaryl derivatives of stereoisomeric methylene- 
camphors. 

B. Singh and T. P. Barat, Cuttack. 

The nitro and carboxy derivatives (o, m, p) of anilinomethylene- 
camphors (d, Z, dl) have been prepared. The rotatory powers of the 
enantiomers are identical and can be expressed by the simple dispersion 
equation of Drude. 

Substituent influence on rotatory power in the optically active com- 
pounds is represented by N02>H>CH3>Cl>Br>I for the ortho and 
para derivatives ; OOOH occupying an intermediate position varying with 
the nature of the solvent in which the rotatory power is determined. 
This series is, on the whole, nearly identical with the ‘ polar ’ one. 

15. The refractive and rotatory dispersion in terpenes. 

Part I. 

B. Pabmanabhan and S. K. Kulkarni Jatear, Bangalore. 

The optical dispersion of d and Z-pinene, d and Z sabinene and d and 
Z A3 carene, isolated in our laboratory from various essential oils and 
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purified by repeated distillation and crystallisation, has been studied in 
the visible and glass ultraviolet using the lines from the naercury arc, iron 
arc and a hot cathode helium are, and was found to be normal. The 
rotatory dispersion was measured with a modified form of the three field 
polarimeter in conjunction with a constant deviation spectroscope and 
the refractive indices with the Pulfrich Refractometer. 

Apparatus is being constructed to extend similar measurements in 
the ultraviolet where the above substances show absorption. 

16. Influence of geometrical isomerism on optical rotation. 

P. Neogi and A. K. Sen. 

Salts of acids, which are geometrical isomers, with quinine, quinidine, 
cinchonine, cinchonidine, strychinine, morphine and brucine have been 
prepared and their optical rotation compared. 

17. Dissosciation pressures of cadmium carbonate. 

P. Y. Nabayan, Bangalore. 

The pressures of carbon dioxide in equilibrium with cadmium carbon- 
ate and cadmium oxide developed as a result of the dissosciation of the 
former are measured at different temperatures by the static method. 

The results obtained agree very satisfactorily with the values cal- 
culated from the well known Nernst’s approximation formula, 

using Thomsen’s value for the heat of dissosciation. The results, however, 
differ from the values obtained by Centnerszwer and Andrussov (Zeit. 
Physikal Chemie, III, 79, 1924) at low pressures. 


18. The density and compressibility of sulphur hexafluoride, 

6. Gxjndtj Rao, K. L. Ramaswami, and H. E. Watson, 
Bangalore. 

Sulphur hexafluoride has been prepared by the direct combination of 
sulphur with fluorine generated by the electrolysis of fused potassium 
bifluoride. The gas after long standing over strong alkali and drying, was 
purified by repeated fraction^ distillation at low temperatures. 

The experiments were done in the same apparatus previously des- 
cribed (Ind. Sc. Congress, Sec. Ill, Abs. 215). The values of the compres- 
sibility coefficient A at -1-25'* and —80° are respectively 0*012 -i- *001 and 
0*045 + -001. 

Work on the limiting density is proceeding with a view to redetermine 
the atomic weight of fluorine. 

19. Variation of surface tension and viscosity of different 

solutions with dilution. 

D. N. Chakravartt and U. B. Mtjkebji, Amraoti. 

The surface tension and viscosity of the following sols were deter- 
mined at different dilutions : — 

(1) Ferric phosphate, (2) Ferric arsenate, (3) Ferric tungstate, (4) 
Ferric hydroxide, (5) Chromium arsenate, (6) Chromium 
hydroxide, (7) Arsenic sulphide, (8) Ceric hydroxide, (9) 
Aluminium hydroxide, (10) Zirconium borate, (11) Molybdic 
acid, (12) Antimonic acid. 
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It was found that the surface tension of the colloids increases with the 
decrease in the concentration whereas the viscosity decreases with the 
decrease of concentration. The change of surface tension with concentra- 
tion can be expressed by the following empirical formula : — 

S=SoeA-BCS^ 

where S= Surface tension of colloids, So= Surface tension of the medium, 
A and B are constants depending on the nature of the colloid, C= Concen- 
tration expressed in number of grams per litre. 

In the case of viscosity also a similar formula, namely 


holds good. 

We have verified these equations with above solutions by plotting log 
S and log ti against and in every case we get straight lines. 


20. Solubility of silver chloride in water, nitric acid and 
dilute aqueous solutions of alkali nitrates. 

P. C. Dave ayid K. R. Kbishnaswaivu, Bangalore. 

The solubility of coagulated silver chloride in H2O, and in dilute 
aqueous solutions of HNO3, KKO3, NaNOs and NH4NO3 was determined 
in different concentrations of the solvent in the temperature-range 0—50, 
employing the nephelometric method. The results obtained are discussed 
in the paper. 


21, Effect of polar and non-polar solvents and their mixtures 
on the solubilities of benzoic and salicylic acids. 

P. G. Desai, Bombay. 

The solubilities of benzoic and salicylic acids have been determined in 
benzene, toluene, hexane, xylene, carbon-tetrachloride, chlorobenzene, 
nitrobenzene, chloroform, aniline, acetone, and methyl, ethyl, (normal) 
propyl and (normal) butyl alcohols and varying percentages of their mix- 
tures. 

It is found that in presence of varying percentages of the solvents, in 
certain mixtures, maxima are obtained when solubilities are plotted against 
percentage amounts of the solvents. Compound formation was also no- 
ticed in certain cases. 

Work on the changes of the dipole moments of the mixtures of the 
solvents in presence of the solute is in progress. 


22. Action of glycine and alanine on the insoluble salts of 
silver and lead. 

H. M. jVIapaba and A. M. Patel, Bombay. 

It was observed that, if to a solution of silver nitrate or lead nitrate 
there was added a solution of potassium chloride or bromide or iodide or 
chromate in quantity sufficient to produce precipitation, no precipitate 
was formed if there had been previously added to either reactant a definite 
amount of glycine or alanine. It was found that with the increase in the 
concentrations of the salt solutions of silver or lead, the amounts of glycine 
or alanine required also increased. The order of the amounts of glycine or 
alanine in the case of silver salts was as follows : — 

AgCl > Agl > AgBr > Ag2Cr04 
while in the case of lead salts 

PbCl 2 >PbCr 04 >PbBr 2 >Pbl 2 . 



192 


Section III, Chemistry. 


(B) 


It was also found that the addition of increasing amounts of the chlo* 
ride, bromide, iodide or chromate of potassium to a definite amount of 
either AgNOs or Pb(]Sr 03)2 did not affect the amounts of glycine or alanine 
required. 

The clear solutions obtained were not colloidal. It is believed that 
chemical complexes are formed in solution. Further work on the elucida- 
tion of these is in progress. 


23, On Langmuir’s theory of adsorption. 

A, Ganguli, Chandernagore. 

Previously Langmuir’s formula for adsorption and the value of Lang- 
muir’s constant were divided statistically [K. C. Kar and A. Ganguli, 
Phys. z. 30, 918 (1929), Ganguli, J. Phys. Chem., 34, 666 (1930)] and it was 
found that although the agreed with computed from results of 
Standard authors for ordinary temperature, discrepancies arose in some 
cases when the temperature was very low. In the present paper, the 
methods are modified by taking into consideration that the adsorbed mole- 
cule may occupy * n ’ adsorption centres and Freundlich’s adsorption iso- 
therm is deduced as a first approximation. The Langmuir’s constant 

where ?=nh and a is adsorption potential. Again by following Stern’s 
method it is found that the number of adsorbed molecules 


Na 


( P . 



. 4 - 




JcT^ 



where No is the total number of adsorption centres, and * n’ is the number 
of the centres occupied by an adsorbed molecule and x is identified with a. 
Consequently the expression for ionic adsorption (Kar and Ganguli, Z. /. 
Phys,, 61, 411, 1930) is modified and we obtain for monovalent ions 


i( 

a=ac«\e 


RTj 


where the constant a is the reciprocal of the Langmuir’s constant ‘ fc’. 


24. Theories of periodic precipitation. 

A, C. Chatteeji. 

Recently attempts have been made to revive the Ostwald’s Super - 
saturation theory of periodic preeipitation. As emphasised in previous 
papers, the one necessary condition of this theory is that the sparingly 
soluble salts should be capable of forming supersaturated solutions easily. 

In this paper, the quantity of the various salts that can remain sus- 
pended in a gel has been determined. A few of the results obtained are 
given below. 
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Ratio (Quan- 

No. 

Salt, 

Medium. 

Suspended 

amount. 

tity suspend- 
ed ; solubility 
in water). 

1. 

Silver chromate 

. . 2*3% gelatine 

4*6 X 10-3 N 

26*6 

2. 

Silver chloride 

. . 3*0% gelatine 

7*61 X 10-3 H 

539*0 

3*. 

Lead chromate 

. . 3*0% gelatine 

2*93 X 10-2 N 

3*95x103 

4. 

Lead chromate 

. . 1*7% Agar 

7*6 X 10-3 N 

1*02 X 105 

5. 

Mn. sulphide 

. . 2*0% Agar 

3*432 X 10-2 N 

3*432x105 

6. 

Silver sulphide 

. . 3*0% gelatine 

4*44x10-3 N 

1*037x1014 


From the above table it is apparent that very large quantities of these 
sparingly soluble salts can remain suspended in the gdl when compared to 
their normal solubilities. 

In a series of preliminary experiments conducted in this laboratory by 
M. R. Nayar, it was not possible to produce supersaturation with ammo- 
nium oxalate, potassium nitrate and sodium nitrate beyond 1*25 times their 
normal solubility, Similiar results are obtained by Tammann {Zeit Anorg, 
Ohem.^ 1931, 200, 57) with nickel sulphate, potassium iodide, etc. 

Moreover it has been our experience that it is difficult to produce 
supersaturation with salts that do not show a rapid increase in solubility 
with rise of temperature. Hence it is rather difficult to accept the view 
that such large quantities of so sparingly soluble salts can remain in super- 
saturated condition when more easily soluble salts cannot be made to go 
into supersaturation beyond 1-5 times the normal solubility. 

The influence of gels on the solubility of salts is under examination. 

25. Studies in the viscosity variations due to chemical reac- 
tions in liquid medii. 

S. S, JosHi and Sttsarala Rajtj, Benares. 

This has been investigated in the hydrolysis of methyl acetate, ethyl 
acetate, sucrose, maltose, lactose, acetic anhydride, and during the mutaro- 
tation of glucose and fructose under a wide range of conditions as to tempera- 
ture and concentration. The results obtained show that the viscosity 
change can be utilised with much convenience and considerable precision to 
follow the progress of specially monomolecular reactions produced in 
liquid medii. Thus for instance in the hydrolysis of methyl acetate in the 
presence of 0*333 N and 1*6 N HCl values for the velocity coefficient 
calculated from the observed viscosity variation were 2*44x10-3 and 
13*2x10-3 respectively. These compare well with the results of Lewis 
and Lamble {J,0,S., 1914, 45 , 2330), who found the above constant under 
above conditions to be 2*33x10-3 and 13*68x10-3 respectively. A 
similar agreement is obtained for the values of the temperature coeffi- 
cient of the velocity constant for the above change when determined by 
the present and the usual chemical method. An interesting case was 
observed in the hydrolysis of the bioses and in the mutarotation of the 
monoses mentioned above. This did not show any sensible variation of 
viscosity during the progress of the change for which an explanation has 
been suggested. Work also is in progress to examine the limits of the 
applicability of this method to other reactions both in liquid and gaseous 
medii. 


26. Photochemical changes in rubber solutions. 

B. K. Valvekab. and S. K. Kttlkaeni Jatkar, Bangalore. 

Solutions of purified pale yellow crepe rubber in benzene, chloroform, 
carbon disulphide and eyolohexanol were exposed to diflEused daylight 
and light from a mercury arc in glass and quartz test tubes with control 
tubes. The viscosities of exposed solutions decreased more rapidly in 
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quartz than glass tubes and fell nearly to that of the solvent and the 
solution lost all its adhesive properties after 12 hours exposure to the arc. 
Experiments are on hand to investigate the nature of change. 

27. Condition of sparingly soluble substances when formed in 

presence of a gel: — Silver Chromate in gelatine from 
E.M.F. measurements. V. 

A. C. Chatteeji. 

Nabar and Desai {Nature, April 25, 1931, page 628) from contact 
potential measurements have come to the conclusion that 95 per cent, 
of the silver chromate remains in the ionic condition. 

Erom electric conductivity and diffusion experiments {Trans. Faraday 
Soc., 1926. 72 . 23) we have proved that silver chromate remains in the 
colloidal state like other sparingly soluble salts- 

In this paper E.M.F. measurements of cells of the following type 
were taken to find out the condition of silver chromate in gelatine. 

Ag N/10 Silver saturated Silver nitrate, Pot. Ag 

nitrate ammonium nitrate chromate in 

gelatine 

The concentrations of silver chromate, which was formed by the 
addition of equivalent quantities of silver nitrate and pots, chromate, as 
well as of gelatine were varied within wide limits. 

The results obtained indicate that in the case of silver chromate 
about 20-40% of the salt is in the ionic state. These results are in 
agreement with our former conclusion but they do not agree with the 
conclusion of Desai and Nabar. 

Moreover, no decrease in the E.M.F. with time was observed with any 
of the mixtures, either yellow or red. 

In our opinion, the action of gelatine on silver chromate is not 
different from its action on other sparingly soluble salts as suggested by 
Desai. 

28. Effect of the addition of gelatine having different 

values on the precipitation of silver chromate from 
aqueous mixtures of silver nitrate and potassium 
chromate. 

B. M. Naik, Bombay. 

It is found that a slight increase in the acidity of gelatine increases 
its inhibitiye power considerably and that the quantity of gelatine 
required to inhibit the precipitation of silver chromate increases with an 
increase in the concentration of either silver nitrate or potassium chromate. 

The results tend to show that silver chromate exists in the ionic 
condition. 

29. Variation of the charge of copper-ferrooyanide sol in the 

presence of electrolytes and non-electrolytes. 

S. G. Chaxjdhijey. 

Copper ferroeyanide sols prepared by different methods show different 
cataphoretic speeds. The cataphoretie speed of the sol decreases by 
partial settling after centrifuging the sol. Also different forms of curves 
are obtained for the cataphoretic speed of the sol with KOI and BaCl 2 in 
presence of methyl alcohol and cane-sugar. The results have been 
explained on the basis of the adsorption theory. 
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30. Effect of washing and of electrol 3 rbes and non-eleetrolytes 

on the charge of barium sulphate. 

Jnanendranath Mitkhebjeb, Ner-malapada Chatteejbb, 
and B. Nabayanadas. 

Barium sulphate was precipitated under different conditions and the 
endosmotic charge on the surface was measured in each case after 
continued washing. 

The effect of different electrolytes such as KOI, HCI, H2SO4, K2SO4 
and BaCl2 and of non-electrolytes such as ethyl alcohol, methyl alcohol 
and cane sugar solution on the endosmotic charge of heavy spar (natural 
ore of BaS04) was observed. In presence of non-electrolytes the positive 
charge of the powder changed to negative in each case. 

The observations are explained on the basis of strong adsorbability of 
H* and OH' ions. 

31. Coagulation and cataphoretic experiments on arsenious 

sulphide sol in its relation to the critical potential and 
influence of ionic environment of the sol on its 
cataphoretic speed. 

Jnakendrahath Mukherjee and S. G. Rajktjmar. 

Measurements of cataphoretic speed of arsenious sulphide sol with 
AS2O3, KOI, HOI, NaCl, LiOl and BaCl2 have been carried out up to the 
coagulating concentrations of these electrolytes. In the portion of the 
speed-concentration curve where the concentration is lower than *01 N, 
the slope of the curves indicates that the adsorbability of the metallic ions 
is in the following order, Ba>Li>Ka>K. 

At higher concentrations however the slopes of the curves indicate 
that the adsorbability is in the order Ba>K>Na>Li. The curve for 
HCI cuts the other curves and indicates that its relative adsorbability 
changes with concentration even within this region. 

32. The Mechanism of mutual coagulation. 

D. C. Bahl, Lahore. 

An attempt has been made to determine if there is any precipitation 
(1) when there is no possibility of chemical interaction between the 
stabilizing electrolytes, and (2) when the chemical interaction results in 
the formation of soluble salts and it has been shown that in mutual 
coagulation the neutralisation of the charge is not the only factor. 
Chemical interaction between the stabilising electrolytes (whenever they 
are present) plays an important part in mutual coagulation. 

33. Change of viscosity and electrical conductivity of 

colloidal solutions on ageing. 

D. N. Chakravabti, Amraoti. 

With a view to distinguish between hydrophobe and hydrophile colloids 
the change of viscosity and electrical conductivity on ageing with respect 
to the following sols was studied : — 

(1) Chromium hydroxide, (2) Ferric tungstate, (3) Mastic, (4) Anti- 
monic acid, (0) Zirconium hydroxide, (6) Gum Dammar, (7) Chromium 
tungstate, and (8) Antimony sulphide. 

It was observed that in the case of hydrophobe colloids the viscosity 
decreases and conductivity increases on ageing whereas for hydrophile 
colloids the opposite is true. 



196 


Section 111, Chemistry, 


( 12 ) 


34. Colloid chemical analysis. Part II. 

Jnanendeanath Mtjkherjbe, Satyaprasad Roy- 
Chowdhxjry, and Amiyakxjmar Sen. 

It is found in agreement with recent work that the addition of neutral 
electrolytes to ferric hydroxide and arsenious sulphide sols changes the Pjj 
of the intermicellary liquid. The Ph regularly increases with the amount 
of the sol. Effect of different electrolytes in increasing the Pjj of 
ferric hydroxide sol is in the order K 2 S 04 > KN 03 > KBr> KCl. With 
arsenious sulphide sols KCl and KBr are found to have almost equal 
effects. With aluminium hydroxide sols it is found that with dilution the 
cataphoretic speed of the particles of the sol increases at the first dilution 
(1:1) and decreases on further dilution (1 : 5). Concentration of CP ions, 
H° ion, and total chloride also decrease with dilution. 


35. Stearic acid kydrosols — An electrometric study. 

M. P. Venkatarama Iyer. 

Electrometric titrations of stearic acid hydrosols at different dilutions 
and at different intervals after mixing with sodium hydroxide solution, 
have been conducted. Similar experiments have also been repeated with 
barium hydroxide solution. The marked differences in the nature of the 
electrometric titration curves in the two cases has been explained from the 
standpoint of the interchange of ions taking place in the electrical double 
layer. The absence of a definite stoichiometric relationship between the 
total acid present, and the alkali required clearly supports the view put 
forward by Mukherjee that the process of neutralisation takes place by 
‘ adsorption ’ at the interface. This work is being extended to the ‘ Colloi- 
dal ’ acids present in the soil. 


36. Intermicellary composition and stability of ferrocyanide 
sols. 

IN'irmalapada Chatterjee. 

TJranyl ferrocyanide, ferric ferrocyanide, cupric ferrocyanide, zinc fer- 
rocyanide, cadmium ferrocyanide and aluminium ferrocyanide sols were 
prepared in such a way that the intermicellary liquid contained very 
slight traces of foreign electrolytes. The effect of stabilising electrolytes, 
of dilution and of hydrogen ion concentration on the peptisation and cat- 
aphoretic charge of the above sols were studied. It was found that the 
charge has got no simple relationship with the phenomenon of coa- 
gulation. 


37. Tbe ‘ apparent ’ and ' true ’ adsorption functions : the 
study of adsorption of a few binary mixtures by silica 
gel. 

K. S. Gururaja Doss, Bangalore. 

The forms of the apparent and true adsorption functions are discussed 
with reference to the results got by some of the previous workers as well 
as some obtained by the author, working with pyridine-water and carbon 
tetrachloride-alcohol mixtures. The changes in concentration due to 
adsorption were measured by means of a Pulfrich refractometer. 
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38. Studies in the slow coagulation of colloids from the 
standpoint of Smoluchowski’s theory. Part III. 

S. S. JosHi and Gubudas R. Phansalbeb, Benares. 

By employing a method of measuring the degree of coagulation 
developed previously (Joshi and Prabhu, Journ, Ind. Ghem. Soc,, 1931, 8, 
10, 337) the progress of coagulation of the arsenious sulphide sol has been 
studied at different temperatures and colloid concentrations. Calculating 
the Smoluchowski’s constant from the equation, 



where the various symbols have their usual significance, it was found that 
in several series of coagulations smooth regular curves were obtained 
when jS was plotted against the coagulation time, showing a continuous 
diminution of As observed previously {loc. cit.) the influence of tem- 
perature on jS was less than that deduced from the Smoluchowski's 
theory. 


39. On the factors governing the formation and stability of 

colloidal solutions of sparingly soluble organic acids. 

M. P. Venkatabama Iyeb and H. Ramaswamy Iyengab. 

^e formation of colloidal solutions of stearic, palmitic and oleic acids 
by mixing up with water, solutions of these acids in different organic sol* 
vents, and at different temperatures and dilutions has been studied quan- 
titatively. The presence of a polar group in the solvent employed plays a 
very important part in determining the formation and stability of the 
colloidal solution. The results are discussed from the standpoint of the 
surface orientation theory of Langmuir and Harkins. Formation of colloidal 
solutions by adsorption of constituent ions is discussed and evidence has 
been adduced to show that the simple mechanism of the colloidal acid 
ionising partially at the surface and thus conferring stability (as put 
forward by previous workers) is untenable. Experiments go to show that 
the stability of the particles is, to a large extent, due to hydration. 

40. Studies in some physical properties of gels. 

-N*. A. .Yajotk, D. N. Goyle, and Shiv Lal. 

In the present investigation a systematic study of some of the im- 
portant physical properties of gels — ^both of organic and inorganic substances 
— ^has been carried out with a view to arrive at some conclusions regarding 
the structure of these gels. 

As a result of this study it has been found that the organic gels show 
entirely different properties from those of the inorganic gels. The organic 
gels are more elastic, poorer conductors of sound, more hydrated (or general- 
ly speaking more solvated) and more transparent as compared to the in- 
organic gels. 

Further work on the x-ray examination is being carried out and it is 
hoped that the data taken together with the results of the study made so 
far will give a fairly good idea of the structure. 

41. The refractive index of coUoids. 

S. S. Joshi and G. R. Godbole, Benares. 

During the course of some work by one of us (S. S. J.) to be published 
shortly, on the variation of the Tyndall beam of colloids during coagula- 
tion, the importance of /z, the refractive index of the system as by far the 
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most important variable in the above and allied phenomena was noted. 
It has been now found in the case of the arsenious sulphide sol that any 
alterations in the value for /z produced by variations in the temperature 
and the colloid concentration are but slight, viz., of the order of 1-4 in 
1000. They are however exceedingly characteristic of the nature and of 
the stage of the change produced. It has been found in accordance with 
Paine-Freundlich equations that the time required to produce a given 
stage of coagulation, as determined by the refractive index of the system, is 
an exponential function of the coagulator concentration, over a limited 
though considerable range of the last quantity, and of the colloid concen- 
tration. No evidence was obtained which indicated the existence of 
autocatalysis ’ at any stage during coagulations of even fairly concentra- 
ted sols. Results are also given for the variation of the Smoluchowski’s 
constant during coagulations produced under widely varied conditions of 
temperature, the sol, and the electrolyte concentration. 

42. The viscosity of colloids during coagulation. 

S. S. JosHE and K. S. Vishwakathan, Benares. 

Arising out of an investigation on the viscosity as a measure of the 
degree of coagulation produced in a colloid, it has been observed that in 
a number of coagulation-time curves the viscosity diminishes to a mini- 
mum during the initial stages of the change, and then increases steadily. 
The possibility of whether there occurs a preferential adsorption of ions of 
like charge by the colloid particles during the initial stages has been ex- 
amined. 

43. Organosols of sulphur. 

B. S. Rao, Bangalore. 

Sulphur sols in organic liquids [Garard and Colt, J. Am. Chem. Soc., 
49 ; 630 (1927)] obtained by the interaction of hy^ogen sulphide and 
sulphur dioxide owe their stability to persulphides of hydrogen whose 
presence in such solutions has been proved by a new test capable of 
detecting minute quantities of the persulphides. The inability of certain 
organic liquids (e.g., alcohol and glycerol) to form sulphur sols by the 
above reaction is shown to be due to the instability of hydrogen persul- 
phides in such liquids. 

44. Solubility of hydrosol sulphur in benzene. 

M. R. Aswathnarayana Rao, Bangalore, 

The coagulum got by the addition of sodium chloride to hydrosol 
sulphur (obtained by the action of hydrogen sulphide on sulphurous 
acid) was refluxed with benzene in Dean Stark’s moisture determination 
apparatus and the effect of this treatment on the solubility at 25® C of the 
sulphur in benzene determined by a micro-chemical method. The benzene 
acquired a yellow colour and its sulphur content increased. This effect 
was probably due to the decomposition of the pentathionic acid present 
in hydrosol sulphur. Further treatment with fresh benzene gave a low 
value for the solubility. The hydrosol prepared with sulphurous acid in 
excess had a far higher solubility than the sol obtained when hydrogen 
sulphide was in excess. 

45. Formation of jellies of hydrous alumina. 

K. SuBBA Rao, Bangalore, 

The effect of hydrogen ion cone, on the formation of jellies of 
hydrous alumina was studied by adding sodium aluminate solution and 
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an equivalent amount of hydrocblorie acid simultaneously to Walpole’s 
acetate buiffer mixtures. Good jellies were obtained when the Pg- was 
between 3*7 and 4:’3. Below Pg 3*7 the jellies obtained were * soft ’ and 
above Pg 4*3 the jellies were opaque [cf. Prakash and Dhar — J. Indian 
Ohem. Soc., 7 : 591 (1930)]. 

46. The adsorptive capacity of alumina gel. 

K. SuBBA Rao, Bangalore. 

The effect of temperature of activation on the adsorptive capacity of 
alumina gel was studied for the range 300^ to 1100®C. The water content 
of the activated gel decreased with an increase in temperature but the 
capillary space in the gel as determined by the volume of carbon tetra- 
chloride adsorped per gram of gel was maximum (0*3 c.c.) for the gel 
activated between 800 "’-850 °C. 

47. Adsorption by alumina gel. 

K. SuBBA Rao and B. Sanjiva Rao, Bangalore. 

Selective adsorption by alumina gel from binary mixtures of benzene 
with {a) ethyl alcohol and (b) carbon tetrachloride was studied. There 
is selective adsorption of ethyl alcohol over the entire range, but the ‘ S ’ 
shaped curve is obtained with carbon tetrachloride-benzene mixtures. 
Silica gel does not give the * S ’ shaped curve with the latter. The signi- 
ficance of the difference in behaviour of the two gels is discussed. 

48. Effect of the polyvalent stabilising ions on the autoca- 

talytic nature of the coagulation of thorium hydroxide 

hydrosol. 

N. V, Karebab and A. M. Patel, Bombay. 

The coagulation velocity of thorium hydroxide sol of different con- 
centrations and dialysed to different extents when coagulated with 
potassium-, magnesium-, and aluminium-chloride solutions of different 
concentrations has been studied by a photo-electric cell method. 

It is found that for the same concentration of the electrolytes, the 
coagulation velocity curves become more ‘ S ’ shaped with an increase in 
the valency of the stabilising ion. 

49. Effect on the viscosities of thorium hydroxide hydrosol 

in presence of electrolytes. 

N. V. Karekar and A. M. Patel, Bombay, 

The changes in the viscosities of thorium hydroxide hydrosol dialysed 
to different extents, on the addition of varying amounts of potassium 
chloride, magnesium chloride and aluminium chloride, have been studied. 

It is foimd that with the progress of dialysis the viscosity of the sol 
increases. 

It is also found that on the addition of increasing small amounts of 
electrolytes, the viscosity first increases and then decreases. 

50. Effect of gases on the coagulation of thorium and ferric 

hydroxide hydrosois. 

A. M. Patel, Bombay. 

The effect of coal gas, hydrogen, oxygen, carbon dioxide, nitrogen and 
acetylene, previously passed through water, when bubbled through thorium 
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and ferric hydroxide hydrosols containing varying amounts of electrolyte 
impurities has been studied. 

It is observed that all the above gases were effective in bringing 
about the coagulation of the hydrosols. Carbon dioxide was found to be 
the best coagulant. It is also found that the amount of the gas required 
decreases with the increase in the purity of the colloids, 

51. Sensitisation of thorium hydroxide hydrosol by non- 

electrolytes. 

P. M. Barve, Bombay. 

The coagulation velocity of thorium hydroxide hydrosol, dialysed to 
different extents, has been measured by a reliable optical method in 
presence of potassium chloride as well as magnesium chloride alone and 
also in presence of potassium chloride with .non-electrolytes and of magne- 
sium chloride with non-electrolytes. 

It was found that with the progress of dialysis, i.e., with an increase 
in the purity of the sol, the sol is more and more sensitised by non-elec- 
trolytes, such as urea, propyl alcohol. 

It is also observed that the sensitisation is less in case of magnesium 
chloride than in the case of potassium chloride when the sol is impure but 
with purer samples the difference is not well marked. 

52. On the texture of commercial soaps. 

P. C. Speers, N. A. Yajnik, D. N. Goyle, and 
Zaear-ud-Din Ahmad, Lahore, 

Attempts have been made to investigate the applicability of the 
various methods to examine the texture of soaps. It has been found that 
the surface tension considerations play a very important part in deter- 
mining the texture and appearance of soaps. 

53. The saponification of emulsified oils. 

P, C. Speers, N*. A. Yajhik, D. N. Goyle, and 
Mohammad Shaei, Lahore. 

Investigations carried out to enquire into the factors governing the 
saponification of emulsified oils showed that the following play an import- 
ant role in the process of saponification : — 

1. The magnitude of the oil-water interface or the degree of 

emulsification. 

2. The total amount of the alkali present. 

3. The amount of the oil-phase. 

4. The amount of water. 

Thus it has been found that the greater the magnitude of the oil- 
water interface or the degree of emulsification, the greater is the percen- 
tage of the oil saponified. The amount of the alkali in the system should 
be sufficient to saponify the oil present. A greater amount of the oil 
always lessens the degree of saponification. And lastly the presence of a 
very large amount of water is injurious to the process. 

54. Petrol water emulsions. 

B. N. Narayahaswamy, vS. K. Ktjlkarni Jatkar, and 
H. E, Watsoh, Bangalore. 

In continuation of previous work on the properties of petrol water 
emulsions prepared in the premier Colloid Mill, it was found that small 
quantities of air which were emulsified in the process profoundly modified 
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the physical properties, especially stability, so as to make the results 
non-reproducible. The mill was therefore modified to run continuously 
with one charge so as to trap as little air as possible and the resulting 
emulsions were fo^d to be very reproducible in various properties such 
as viscosity, density and stability to temperature and suction. It was 
further found that both type of emulsions could be prepared beyond the 
inversion point which is about 32 per cent, petrol when using 5 per cent, 
of fresh ammonium oleate. The results are discussed from the numerous 
theoretical view points. 

55. On the mechanism of unimolecular reactions. 

A. Ganguli, Chandernagore. 

In a previous paper [FML Mag. (1)12, 5S3, 1931] expressions for the 
velocity of unimolecular reactions have been deduced by considering that 
the molecules are first activated by absorption of radiation followed by 
the subsequent decomposition of the activated molecules by a mechanism 
similar to (a) thermal ionisation, (6) desorption. In the present paper the 
radiation theory as well as the eoUisional theory are discussed at length, 
and it is found that none of them is alone adequate enough to explain 
the observed facts. It is suggested that the energy required (critical 
increment) for bringing about a thermal unimolecular reaction is derived 
partly from radiation and partly from collision with surface atoms. The 
function of radiant energy is merely to loosen the valency electrons 
(corresponding to the resonance potential) and finally the disrupture brought 
about by collSion. The values of * k ^ were calculated from the formulae 
derived for nearly aU available unimolecular reactions and have been 
fotmd to agree in a satisfactory manner with the experimental values of 
standard authors. A physical meaning of the effective collisional area 
(which, in most oases, is identified with the molecular cross-section) is 
also ^ven. A mechanism of Raman Effect and also of photo -chemical 
reaction is suggested. 

56, On the Raman Effect from the standpoint of unimole- 

cular reactions. 

A. Gangijli, Chandernagore. 

Raman Efieot is considered as unimolecular reaction according to the 
following scheme : 

hv 

Am-^AoLi-^An+h{v—vi) (Stokes line) 

hv 

An-9-AoL%-^Am-\-h{y-k-vi) (Antistokes line) 

where ‘ Am ’ and ‘ An ’ represent the molecules in the mth and wth states 
respectively. The molecule ‘ An ’ is regarded as a separate entity and the 
passage of a melecule from the state is regarded as a chemical 

reaction involving the absorption of infra-red frequency vi. This is in 
accordance with the Radiation Theory of chemical reactions as postulated 
by Lewis and Perrin. 

In order to calculate the number of molecules ‘ Nn ’ in the nth state 
we follow a method due to Christiansen {Z. Fhys. Chem. 103, 91, 1923) and 
thus obtain 

hv 

Nn=Nme small values of 

hv 

Nn=Nfne v' (for large values of 
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Combming tliis with the radiation density we obtain 

liv 

•n -47 Tir /-D 1 • u T \ 

JS^,^=::Nn Pp'==Nm—^ -^6 (Raleigh-Jeans.) 

hv hv' 

Eg=:Nn e *^6 (Wien.) 

Proceeding similarly for antistokes reaction we obtain 
h{v—v') hv 

. e e”^ ^ (Raleigh Jeans ) 

h{v—v*) hv hv** 

E^S=N,^ ^ (Wien.) 


remembering that * Nn ’ is obtained by the absorption of hvi 
Again since j/'=v— vi and v"=v+vi, we have 

IE • — 

(^or high temp, or small value of vi.) 

j. Zhvi 

(for low temp, or large value of vi.) 

^AS + 


Thus we see that the intensity is proportional to the square of the 
modified frequency in one case and to the fourth power in the other case. 

This is in accordance with the results of Mandelstan and Landsberg, 
Orstein and others. 


57. Kinetics of reactions between ions at great dilutions. 

A. N. ELappakna and H. W. Patwapdhak. 

A study of the kinetics of the two reactions (1) sodium bromacetate + 
sodium hydroxide and (2) sodium bromacetate + sodium thiosulphate, has 
been made at 70®, 80% and 90°C. in the region of ionic strengths O'OOOSo), 
O'OSo}. The salt effect in the first reaction is just the opposite of what is 
predicted by Bronsted’s theory. In the second reaction the Bronsted- 
Debye theory has been found to quantitatively predict the course of reac- 
tion with variation in ionic strength. 


58. Study of tbe decomposition velocity of napthol ethers 
when heated with halogen acids. 

G. B. Kolhatkar and V. V. Bapat, Poona. 

Concentrated hydrochloric or hydrobromic acid was added to a solu- 
tion of the ethers in acetic acid and the mixtures then heated on a boil- 
ing water bath. The decomposition velocity was ascertained by esti- 
mating the napthols, liberated in the reaction mixture, after a definite 
interval of time. 

The concentration of the halogen acids being about seventeen times 
that of the ethers, the velocity constants are determined on the assump- 
tion that the reactions are unimolecular. The values of the velocity con- 
stants obtained are tolerably constant and thus justifj^ the above assump- 
tion. 
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A comparison of the velocity constants reveals the following rela- 
tions : — 

(1) The decomposition velocity with hydrobromic acid is 1*6 to 1*7 

times greater than that with hy^ochloric acid. 

(2) The ethers of beta napthol decompose about 1*8 to 2 times as 

fast as those of alpha napthol. 

(3) The decomposition velocities of ethyl and methyl ethers do not 

show much difference. 


59. Influence of magnetic field on cliemical reactions. 

S. S. Bhatnagar, E. IST. ^VIathtje, and Vbd Pbakash. 

The influence of a magnetic field on the deposit of copper on iron, 
when the latter is dipped in a solution of copper sulphate, has been 
studied. It is found that the amount of deposit in a magnetic field is 
always greater than that outside it varjring with the concentration of the 
CUSO4 solution, and the magnitude of the field. With initially magne- 
tised iron pieces it is however found that the deposit on them is less than 
on the unmagnetised ones. Similar experiments have been performed on 
the deposition of silver from a solution 01 AgNOg, on iron and copper 
pieces. The results are expected to throw considerable light on the 
mechanism of this deposition. 

60. Transportation of metals by electric arc stream. 

JiTENDRA Nath Bakshit. 

Electric arcs were produced between pairs of iron and pairs of copper 
electrodes, and transportation of elements by arc stream were determined 
per electrochemical equivalent of oxygen liberated by electrolysis, in 
series with the same circuit, of dilute sulphuric acid. 


6 1 . Oxidation-reduotiorr potential of a few sulpby dril bodies . 
J. C. Ghosh and S. 0. Gahgtjli. 


The discovery of glutathione by Hopkins and the probability of this 
substance acting as a carrier of oxygen in the living tissues have created 
considerable interest in the determination of oxidation-reduction potential 
of sulphydril bodies. For cystin-eysteine oxidation reduction, Dixon and 
Miehaelis find that a reversible potential is not attained. The authors 
find however that if cystine is reduced under anaerobic conditions at a 
mercury cathode, and the steady potential at the mercury cathode is 
measured some time after the electrolysing current is cut off, a thermo- 
djmamieally reversible system is formed between 6*6 to 9. The 
E.M.F. is given by the equation 


„ BT^ BT, 

£!=-0793— 


[cysteine] 
aJ (cysteine) 


62. Determination of the activity of peroxidases by the 
measurement of oxidation potentials. 

B. B. Dey ayid M. V. Sitharaman, Madras, 

It has been shown that the estimation of quinhydrone, formed by the 
oxidation of hydroquinone, provides a good method of determi n ing the 
strengths of some of these plant oxidases. It is now found that the 
change in the concentration of hydroquinone, during its oxidation to 
quinhydrone by the enzyme, can be accurately followed by measurements 
of the oxidation potentials of the reversible system quinone: hydro- 
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quinone, the concentration of the reductant (hydroquinone) varying 
continuously. A similar observation appears to have been recorded by 
Steam and Day (J. Biol. Ghem., 1929, 85, 299) who noticed that quin- 
hydrone itself — i.e., the hydroquinone component of it — was oxidised by 
potato oxidase, there being a rise in potential during the change. A 
method is now elaborated by which the activities of the enzymes may be 
studied by noting the changes in potential of the system peroxidase + 
hydroquinone + gaseous oxygen or H 2 O 2 : quinhydrone, at constant low 
temperature. 

63. Optimal Ph for the activity of peroxidase in LufEa 

Acutangula. 

B. B. Dey and M. V. Sithabaman, Madras. 

One of the interesting results of the experiments now in progress 
in- this laboratory on the oxidising enzymes of plants is the observation 
that the peroxidase of LufEa Acutangula has its maximum activity only 
in a medium having Pjj =6*5 and this is found to be precisely the value 
for the Pgr of the normal sap itself. Electrometric measurements of 
the Pg of saps of a large number of different samples of the fruit, carried 
out at a temperature of 15®C., have shown that this value remains 
constant. The Pjj of the medium has been varied from 3*6 to 7*0 
by using buffers (a) succinic acid and borax, and (6) potassoum dihy- 
drogen phosphate and borax, each buffer mixture being nearly saturated 
with hydroquinone (1*2 gram hydroquinone per 30 c.c.), and the experi- 
ment carried out by mixing 5 c.c. of this mixture with 5 0 . 0 . of the fresh sap, 
2*5 C.C. of 2% H 2 O 2 solution, and 1 c.c. water, allowing the reaction to 
proceed at 16®0. for 26 minutes, stopping the reaction by adding 1*5 c.c. of 
N°HC1, and then estimating the precipitated quinhydrone iodunetrically 
(cf. 1931, 479). The quinhydrone is found to increase steadily 

from P ]2 3*6 to Pjj 6’6, after which it falls rapidly. 

64. Interaction of polybasic acids and neutral electrolytes. 

Part II. — Tartaric acid. 

SuBODHKXJMAB MaJUMDAB. 

The change in the activity of hydrogen ions of solutions of tarta- 
ric acid in presence of different neutral electrolytes like LiCl, NaCl 
and BaCl 2 has been followed electrometrically and the thermodynamic 
dissociation constants calculated. As in the case of phosphoric acid 
(Part I, *7. Ind, Ghem, 3oc., 1931, S, 87) the results have been discussed in 
relation to the Debye theory and factors other than purely electrostatic 
ones. 

65. Effect of electrodeless discharge on dye mixtures. 

S. S. Bhatnagab and S. D. Mahant. 

Alizarine and indigo mixed with KCIOs do not show any change 
under the influence of the electrodeless discharge. 

Methylene blue and zinc oxide quickly undergo decolorisation under 
the influence of the discharge, while chlorophyl and zinc oxide paste does 
not show any change. 

Methylene blue and OaOOs show a distinct decolorisation under the 
action of the discharge. 

Methylene blue is unacted upon by the discharge in the presence of 
mercury vapour. 
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66. Effect of electrodeless discharge on dyes. 

S. S. Bhatnagab. and S. D. Mahant. 

Erythrosine, acriflavine, malachite green, alizarine, indigo, chlorophyl, 
fluorescein, eosine and methylene blue are not affected by exposure to the 
eleetrodeless discharge. 

Chlorazol Fast, Eosin B (B. D. C.), Chlorazol East yellow B. N. Cone. 
(B. D. G.), Pinachrom, Pinacyanol, Pinaverdol, ethyl cyanine and rhoda- 
min all show a distinctly darker shade after exposure. 

67. Effect of electrodeless discharge on organic compounds. 

S. S. Bhatnagab and S. B. Mahant. 

Cinnamic acid on exposure to the electrodeless discharge in an atmos- 
phere of oxygen ^ves a complicated product containing a CO group; 
this is quite distinct from the ordinary product of oxidation, benzal- 
dehyde. 

Besorcinoi is imacted upon in the discharge ; a mixture of resorcinol 
and phthalic anhydride exhibits a faint fluorescence after exposure ; and 
a mixture of these two with zinc chloride quickly turns red, showing the 
formation of fluorescein. 

Benzoyl peroxide is not affected by the electrodeless discharge. 

68. The mechanism of photosynthesis of proteins in plants. 

K. S. Vabadachab, Bangalore. 

A preliminary study (Varadachar, Proaeedinga of the Indian Science 
Congress, 1931) on sunflower plants (Helianihus annus Linn) starved of 
nitrogen in the soil and injected through the stem with 2 per cent, potas- 
sium nitrate solution showed the following characteristics : — 

(1) The plants respond healthily to this treatment. 

(2) There is an increase in Total N. 

(3) There is no definite increase in the amide N and ammonia K. 

(4) The diamino N increases in value. 

(6) The nonbasic N decreases in value. 

(6) There is no accumulation of nitrate. 

The present investigation is a more detailed study of the same prob* 
lem. A comparative study of the effect on protein synthesis of (1) in- 
tense respiration and photosynthesis by keeping the plants continuously 
in bright artificial light, (2) inhibited respiration and photosynthesis by 
keeping the plants in darkness, and (3) normal conditions of the fields has 
been followed in the present study. 

Analytical data on the plant samples and conclusions drawn there- 
from are outlined. 

69. Tlie photo-chemical reduction of aqueous solutions of 

silver salts of organic acids. 

H. G. Dayal, J. M. Dhae, and P. S. MacMahon, Lucknow. 

The aqueous solutions of certain silver salts of organic acids were 
exposed to strong sunlight and the silver reduction-products examined. 
The salts were found to vary greatly in their behaviour. 

Some salts give complex silver sols while others are reduced directly 
to Ag — Ag20 and no sol is formed. Some of the salts on reduction under- 
go different colour changes, showing progressive alteration in the com- 
plexity of the sols. Of the salts so far investigated the sols derived from 
the tartrate and malate are positively charged, whereas some of the others 
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as citrate and oxalate, in common with the sol produced from Ag 20 itself 
on photo -chemical reduction, are negatively charged. 

The acetate, malonate, succinate give no sols. 

These remarkable diversions are at present under examination, and 
the nature of the different sols under investigation. 

70. The effect of ultra-violet light on the ferrous salts of 

aliphatic organic acids. 

P. Lal ard P. B. Gangtjly, Patna. 

The coagulation by light of Carey Lea’s silver sol was explained by 
us on the basis of a photo -chemical change of ferrous citrate, the stabiliser 
for this colloid, A further study of the ferrous salts of hydroxy acids has 
shown that they are generally decomposed on exposure to light. Weighed 
quantities of pure iron were dissolved in varying quantities of tartaric, 
citric, malonie, maliCr and mucic acids out of contact with air. On ex- 
posure, solutions of ferrous citrate and tartarate showed a distinct photo - 
tropy. The oxidation-reduction potentials as well as the Pg- values of 
the solutions were measured before and after exposure. The quantities of 
ferrous and ferric iron, at dijfferent stages of the reaction, were determined 
by titration with titanium chloride. The Pg- values were found to vary 
over a fairly wide range. It has been inferred that the iron not only re- 
places the H in the carboxyl group but also attacks the hydroxyl group. 

71. Ignition of oxy-hydrogen gas mixtures in soap bubbles. 

Harendeanath C:hatterji, Anathnath Mitra, and 

H. K. Sen, Calcutta. 

In continuation of our previous work on the ignition i)oints of ex- 
plosive mixtures of gases (J. Ind. CMm. Soc., 1929), it has been found 
that with the increase in the volume of the soap bubbles, the ignition 
temperature steadily diminishes, till after 350 c.c., it remains constant. 
A slight but perceptible retardation in ignition, however, is noticed. This 
may be due to the initiation of local catalytic surface combustion leading 
ultimately to explosion. It may thus be regarded as an example of 
Hinshelwood’s chain reaction. The 1 : 1 mixture, with the particular 
platinum point used, ignites at 245^0., whilst 1 : 2 (Og : H 2 ) mixture ignites 
at 273^^0. Evidences of the formation of hydrogen peroxide and ozone are 
noticed in most cases. With the variation in the lengths of the platinum 
wire, whether in the shape of a point source or in the shape of a spiral 
source, there is variation in the ignition temperature, the most distinctive 
feature being that with a spiral source the 1 : 2 mixture has the minium 
ignition temperature whilst the point source gives the minium ignition 
temperature with a 1 : 1 mixture. 

72. Synthesis of methane from carbon monoxide and hydro- 

gen in presence of spent sewage. 

H. K. Sen and Manindranath Maztjmdar, Calcutta. 

Since the publication of Leiske’s work on the conversion of carbon 
monoxide and hydrogen into methane in the presence of specific bacteria 
the possibilities of reducing the percentage of carbon monoxide in indus- 
trial gases is being explored. A spent sewage which showed no change in 
the manometer in a closed system for three days was treated with a mix- 
ture of one volume of carbon monoxide and three volumes of hydrogen 
under atmospheric pressure. After four days the mercury thread in the 
manometer began to rise, whilst after three weeks the rise was 38 cm. 
The ordinary equation — C0-h3H2=-CH4-i-H20 would require a contrac- 
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tion of three-quarters of the total volume. Under the experimental con- 
dition, therefore, a conversion of 66 per cent, into methane has been effected. 
Further experiments are in progress. 

73. Synthesis of paraffins from carbon monoxide and hydro- 

gen mixtures. 

Harendranath Chatterji and H. K. Sek, Calcutta. 

By using an iron-copper-alkali catalyst and a 1 : 4 mixture of CO 
and H 2 , solid and semi-solid hydrocarbons have been synthesised, using a 
temperature of 240®C. The exit gas shows the presence of gaseous hydro- 
carbons to the extent of 6 to 8 per cent, expressed in terms of methane and 
8 to 10 per cent. CO 2 . It is therefore usable under boilers. Technical 
possibilities are discussed. 

74. Simultaneous oxidation and dehydration by thoria as 

catalyst. 

B. C. Roy, Calcutta. 

In continuation of the work in connection with the preparation of 
ethyl-aniline, by passing the vapours of ethyl alcohol and aniline over 
heated thoria, an experiment was conducted by passing air along with the 
two vapours. After distiUing off the ethyl aniline, the tarry residue was 
extracted with boiling water and on cooling a crystalline substance was 
deposited. On purii^^g by recrystallisation from hot water, the subs- 
tance was found to be acetanilide. The formation of this can Ido explain- 
ed by assuming that a part of the ethyl alcohol was oxidised to acetic 
acid, which by dehydration with aniline produced the acetanilide. 

Further experiments regarding the behaviour of thoria as a simul- 
taneous oxidising and dehytkating catalyst is in progress. 

75. Interaction between carbondioxide and sulphuretted 

hydrogen. 

M. GoswAivn and B. C. Roy, Calcutta. 

When passed over thoria at 300° a mixture of CO 2 and H 2 S gave 
methane and sulphur presumably according to the reaction C02+4H2S= 
CH 4 -I- 2 H 20 -h 4S ; systematic study of this has been done. 

76. A method for the purification of coal gas. 

M. Goswamt, B. C. Roy, and H. N. Das Gupta, Calcutta. 

The reaction 2NO-H5H2S = 2NHg-i-2H20-f 5S has been taken advan- 
tage of, in purifying coal gas containing definite amount of H 2 S. The aim 
of the work is to technicedly utilise the reaction in the purification of coal 
gas in gas works. 

77. Reaction between hydrogen sulphide and sulphur dioxide 

in non-aqueous solutions. 

B. S. Rao and M. R. A. Rao, Bangalore. 

Thio-sulphonic acid (thio-sulphurous acid) has been suggested by the 
authors as the primary product of the reaction between hydrogen sulphide 
and sulphur dioxide in non-aqueous solutions {Nature^ 128 ; 413, 1931). 
The solutions have been found to contain persulphides of hydrogen. It is 
suggested that the persulphides are produced by a reversible reaction 
between thio-sulphonic acid and hydrogen sulphide. 

Klein (J. Phys. Chem,, 15, 1, 1911) could obtain no correlation 
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between any physical or chemical property of a liquid and its ability to 
induce chemical reaction between the two gases. The authors find that 
the latter property can be correlated with the ability oE the liquid to 
decompose hydrogen persulphide. 

78. The reaction between sodium sulphite and sulphur. 

S. G. Kiri, K. R. Krishnaswami, and H. E. Watson, 
Bangalore. 

A continuation of the work of Watson and Rajagopalan (J. Indian 
Inst, Sc„ 1925, VIIIA, 275). 

The reaction was studied employing preparations of sulphur of roughly 
uniform size, e.g., 60-80 and 100-120 mesh. Comparative estimates of the 
specific surfaces of the different samples were also obtained by colori- 
metric measurements of adsorption of Bismark Brown. Although the rate 
of reaction was found to increase with the surface of the sulphur particles, 
no quantitative relationship between the two could be established. 

79. Alcoholysis of cocoanut oil. 

M. Goswami and Jagadananda Dutt, Calcutta. 

In continuation to the work on alcoholysis published in (J.J.C7.5., 1931, 
Vol. 8, P. 413) by Goswami and Ramanujam the following catalysts have 
been tried: — Phenol-sulphonic acid, Arsenic acid. Phosphoric acid and 
Glycerophosphoric acid. 

80. The formation and dissociation of polyhalides of hydro- 

gen in aqueous solution. 1. Hydrogen chlorobromide. 

S. K. Roy, Calcutta. 

(Communicated by P. Ray.) 

The formation of hydrogen chlorobronaide has been studied from the 
depression of the freezing point of aqueous solutions of hydrochloric acids 
by the addition of bromine. The equilibrium constant and the heat of 
reaction have been calculated ffom the results obtained. (c£. R&y and 
Sarker, J,C,S., 1922, 1449). 

81. Action of nitric acid on tin. 

G. S. KIasbbkar, Bombay. 

The action of Nitric acid on Tin has been studied, 

(а) by varying the concentration of acid, 

(б) by varying the amount of tin, 

(c) by varying the physical condition of tin, 

{d) by varying the temperature, 

(e) in presence of various catalysts, 

in an atmosphere of carbon dioxide. The amount of tin present in the 
stannous form was determined by iodine titration. 

It is found that, 

(1) the amount of stannous salt formed first increases with increase 

in acid concentration up to a limit and then decreases ; 

(2) increasing the temperature decreases the yield of the stannous 

salt; 

(3) percentage of the stannous salt formed from tin-foil is higher 

than from granulated tin ; 

(4) some catalysts are observed to have a marked effect on the 

yield of the stannous salt. 
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82. Period of induction in elieinical reactions. Part III — 

Interaction of potassium bromate and li 3 ^opliosphor- 
ous acid. 

P. Neooi and B. N. Sek. 

The period of induction has been fully studied with respect to the 
influences of concentration, temperature, and foreign substances, viz., 
-electrolytes, non-electrolytes and colloids added to the reacting system. 
The induction period varies inversely as the concentration of each and both 
of the reactants. The temperature-induction-period curve shows a straight 
line, the period diminishing with the rise of the temperature. Non-electro- 
i 3 rtes like alcohols diminish the period but to different extents, whilst the 
solvents of bromine cause a more marked diminution in the period with 
exception of benzene which causes an increase. The colloids and thiosalts 
•considerably diminished the period. 

83. Period of induction in chemical reactions. Part IV — 

Interaction of sodium iodate and phosphorous acid. 

P. Neogi and Stjdhamoy Mukhekjee. 

The relations between concentration and the induction period and 
between temperature and induction period are similar to those obtained in 
the previous investigation. The alcohols reduced the period considerably 
jand in the ease of the two isomeric propyl alcohols the periods are so 
widely divergent that the reaction may well be used as a test to differenti- 
.ate the two alcohols. Solvents of iodine markedly reduced the period. 
Inorganic acids also have considerable influence in causing a diminution in 
the period. 

84. Period of induction in chemical reactions. Part V — 

Interaction of sodium bromate and phosphorous 
acid. 

P. Neogi and Sumamoy Muehebjee. 

Similar results have been obtamed in the course of study of the period 
‘Of induction in the interaction of sodium bromate and phosphorous acid. 

85. On isomeric borohydrates. 

R. C. Ray, Patna. 

The potassium salt of a borohydrate of the composition B 2 H 4 (OH )2 
has been described in a previous paper (Jour. Chem, Soc,, 1922, 1088- 

94). Two isomeric compounds of the same composition, B 2 H 4 (OK) 2 , have 
•been obtained. One is formed by the action of water on naagnesium 
boride, and the other by the action of water on magnesium boride 
which has previously been mixed with 10 per cent, free boric acid. 
Hydrogen is evolved from both the isomers when their solutions are acidi- 
.fied with dilute hydrochloric acid, and if the acidified solutions are then 
"treated with standard iodine solutions, a certain amount of iodine 
is removed in both cases. The ratio of H/I is, however, in one case 
2 : 1 and in the other 1:2. It has not yet been possible to assign consti- 
»tutional formulae to the isomeric compounds. 

86. On certain monofluophosphates. 

H. C. Goswami and PuLiNBraARi Sabkae, Calcutta. 

Prof. Willy Lange and the authors have simultaneously discovered the 
monofluophosphates. The authors first showed the isomorphism of mono - 
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fluophosphates with sidphates. The preparation and properties of the 
foUowing simple monofluophosphates have been studied, viz ; the hepta- 
hydrated nickel and cobalt salt— the pentahydrated copper and zinc salt^ 
analogous to the corresponding sulfates. The following double mono- 
fluophosphates analogous to the corresponding double sulphates have 
been prepared, viz., ammonium with nickel and ammonium with cobalt. 

The alums corresponding to the sulphate alums were prepared and 
complete series of mixed crystals with sulphates have been effected. 


87. Fluoberyllates and their analogy with sulphates. Part 

II — ^Fluoberyllates of certain bivalent metals. 

Nirmalendtoath RAy, Calcutta. 
(Communicated by P. Ray.) 

In part I of this investigation it was shown that the fluoberyllate ion 
(BeF 4 ") exhibits a very close analogy with the sulphate ion (SO4"). The 
analogy has been found to be most perfect with respect to the solid salts. 
In the present paper the preparation and properties of the fluoberyllates 
of some bivalent metals have been described. The salts studied are : 

Calcium and strontium fluoberyllates (anhydrous) and nickeh 
cobalt, zinc, ferrous and copper fluoberyllates (hydrated). 

These fluoberyllates resemble the corresponding sulphates not only in 
their chemical composition but also in their crystalline form, molecular 
volume, solubility, etc. Fluoberyllates soluble in water have been found 
to form mixed crystals with the corresponding sulphates. 


88. Fluoberyllates and their analogy with sulphates. Part 

III — ^The Double fluoberyllates. 

NiRMALBNDTTijrATH Ray, Calcutta. 
(Communicated by P. Ray.) 

Further corroborative evidence of the existence of analogy between 
the sulphate and the fluoberyllate ion has been furnished by the pre- 
paration of a number of double fluoberyllates which resemble the well- 
known double sulphates of the type M'2 SO4, M" SO4, 6H2O not only 
in chemical composition but also in other properties such as crystalline 
form, molecular volume, solubility, etc. The following double salts have 
been described ; 

Hexa hydrated double-sulphato-fluoberyllates of nickel-potassium 
and zinc-ammonium and hexa-hydrated double fluoberyllates of 
a mm onium fluoberyllate with those of nickel, cobalt, zinc, 
manganese, cadmium, copper and iron. 

These double salts form mixed crystals with the corresponding double 
sulphates. 


89. Fluoberyllates and their analogy with sulphates. Part 

IV — The ammino-fluoberyllates. 

NiRMAiiENDUNATH Ray, Calcutta. 
(Communicated by P, Ray.) 

By analogy with the amminosulphates, the ammiuo-flucberyUates 
of silver, copper, zinc, cadmium, nickel and cobalt have been prepared 
and studied. 
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90. On tlie complex cyanides of rhenium. 

H. C. Goswijvn and PuLrtiTBiHABi Sarkae, Calcutta. 

In all its stable salts rhenium is heptavalent. The lower valency 
rhenium is very unstable. Tetravalent rhenium has been stabilised by 
forming complex cyanides. 

91. Some new tetrammine eobaltic complexes and a study of 

their constitution by means of absorption spectra. 

T. Das Gupta and PuLiKBi HA Tti Sabkae, Calcutta. 

The reaction of sodium thiosulphate with cis-diaquo>or transdichloro- 
tetrammine eobaltic salts has been carefully studied resulting in the isola- 
tion of anew series of thiosulphato-aquo-tetrammine eobaltic complexes. 
Some co-ordination and ionic isomers have been studied. A new method 
of preparation of the triol-dicobaltie hexammine compounds has been 
worked out. The constitution of the tetrammine salts has been determin- 
ed from a study of their absorption spectra. 

92. Complex compounds of metallic sulphites and thiosul- 

phates with ethylenediamine. 

P. Neogi and Hamid Hossaik. 

Complex Compounds of thiosulphates and sulphites of cohalt, nickel, 
zinc, chromium, cadmium, and some other metals with ethylenediamine 
have been obtained and their constitution determined, 

93. Complex compounds of metallic hypophosphites, nitrites 

and arsenites with ethylenediamine. 

P. jSfEOGi and Mohini Nath Phueah. 

Complex compounds of metallic hypophosphites, nitrites and 
arsenites with ethylenediamine have been prepared and their constitution 
determined. 

94. Salts of thiosulphate pentacyano eobaltic acid, 

S. N. IVIaulick, Calcutta. 

(Communicated by P. Ray.) 

Thiosulphato pentacyano eobaltic acid, and its alkali- and alkaline 
earth salts have already been described (Ray, J. Indian Ckem. Soc,, 1927, 
5, 325 : Ray and Maulick, ZeiL anorg. Ghem., 1931, 199, 355). The present 
paper deals with the preparation of a number of metallic and metal- 
ammonium salts. Beryllium (basic), manganese, manganese-potassium, 
silver, silver-ammonium, di- and tetra-ammonium copper, di- and tetra- 
ammonium zinc, and di- and penta-ammonium nickel salts have been 
studied. 

95. Compounds of hexamethylene tetramine with complex 

cobalt salts and the nature of residual affinity. 

Priyadarahjan Ray and Muhindra Nath Buxi, Calcutta. 

A large number of molecular compounds of hexamethylene tetramine 
with various salts of thiosulphato pentacyano eobaltic acid have been pre- 
pared, and the number of water molecules contained in these molecular 
compounds are compared with those present in the original complex salts. 
The diSerenee in hydration, observed in this case, as well as in many 
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other eases previously examined by other investigators, throws eonsdderable 
light on the nature of residual affinity. 


96. Substituted complex cyanides of cobalt and the influence 
of substitution on the properties of complex ions. 

pEiYADABANJAN Eay and S. K. Chackrabarty, Calcutta. 

Metallic salts of an entirely new type of substituted complex cobaltie 
acid — disulphito tetracyano cobaltie acid— have been prepared, and the 
constitution of the complex anion is established by various physical and 
chemical methods. The mobility and the radius of this new complex ion 
as well as those of the thiosulphate pentacyano cobaltie ion have been 
determined. Brom a comparison of the ionic radii of the simple and 
complex ions of cobalt, some idea about the stability and the strength of 
the complex ions has been deduced. 


97. The estimation of potassium by the cobaltinitrite method. 

S. D. Sttnawala and K. R. Krishnaswami, Bangalore. 

The method yields good results only when the relative concentrations 
of the reactants lie within narrow limits. The precipitates obtained 
under varying conditions were completely analysed, and the conditions 
suitable for obtaining K 2 Na Co (N02)6. H 2 O in a pure state were studied. 
The data obtained enable the determination to be made with an accuracy 
of about 1 per cent. 


98. Qinaldinio acid as an analytical reagent. Part I — Esti- 
mation of copper, cadmium and zinc, and the separa- 
tion of copper from cadmium. 

PEirADARAETJAK Ray and M. K. Bose, Calcutta. 

Various metallic salts of quinaldinic acid have been prepared and 
their composition and properties studied with a view to determine their 
applicability for analytical purposes. Copper is completely precipitated in 
dilute mineral acid solution, whereas zinc and cadmium are quantitatively 
thrown down from dilute acetic acid and neutral solution respectively. 
The precipitate formed are highly crystalline and can be very rapidly 
filtered in a Gooch crucible. Copper, zinc and cadmium have been esti- 
mated with excellent results. A quite accurate, rapid and satisfactory 
method has been developed also for the quantitative separation of copper 
from cadmium. 


99. Chemical examination of some vanadiferrous ilmenites 
of India. 

Nirmalenditnath RAy, Calcutta. 

(Communicated by P. Ray.) 

Vanadium was discovered a century ago in certain Taberg (Sm&land) 
iron ore. Certain ilmenites have been found to contain traces of vana- 
dium. The author has recently examined a few specimens of Indian 
ilmenites which are characterised by their high percentage (5%) of vana- 
dium. Complete chemical analysis has been done and its composition 
determined. 
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100. The chemical and spectrographical examination of some 

columbites of Gaya. 

H. C. Goswami and Puliotihaei Sarkae, Calcutta. 

The Gaya columbites are feebly radio active due to the small amounts 
of uranii:m and thorium present in them. A complete chemical analysis 
of the mineral has been made and a detailed accurate method has been 
worlsed out for the analysis of this type of minerals as the methods 
hitherto adopted are all faulty. Rhenium has been found and has been 
extracted from 3 kilos of the mineral. 

101. The analysis of mixtures of the pentoxides of tantalum 

and niobium. 

D. S. Nabaya2!TA Mxjrthi, K. R. Krishnaswami, and 
H. E. Watson, Bangalore. 

None of the methods in common use was found to be rapid or simple. 
The method outlined by Ruff {Z. anorg. Chem., 1926, lo6, 215) but left 
undeveloped has been studied by us in detail and found to be entirely 
satisfactory. 

The method is based on the observation that when heated in a stream 
of hydrogen, iobium pentoxide is quantitatively reduced to niobium 
tetroxide, whereas tantalum pentoxide remains unaffected. 

102. Note on the filling of nanometers. 

M. Q. Doja. 

An improved method for the filling of manometers has been devised. 
This gets over the difficulty of elaborate sealing which is necessary in 
the filling ot the usual vacuum filled manometers. It also gives a much 
stronger sealed end than is possible to obtain in the other method, 
because the sealing is done before the mercury is introduced into the 
manometer. The method is simple and consists only in introducing pure 
dry mercury into the evacuated manometer by means of a suitable appa- 
ratus which has been described. 

103. Action of hypochlorous and other acids on di-isobuty- 

lene. 

M. L. Shbopf, Benares. 

Di-isobutylene was prepared by condensing tertiary butyl alcohol by 
means of sulphuric acid. A study of the addition products of di-isobu- 
tylene with hypochlorous acid, chlorine monoxide, and sulphuric acid was 
made. Instead of a chlorhydrin, an unsaturated chloride of the empiri- 
cal formula OgHisCl was obtained, CJhlorine monoxide gave a complex 
mixture of chlorine compounds whereas with concentrated sulphuric acid 
higher polymers of di-isobutylene were obtained. 

104. A preliminary note on the production of oxalic acid 

from sandal wood dust. 

B. H. Iyer, Bangalore. 

Sandal dust obtained after the removal of the essential oil is being 
tried as raw material for the production of oxalic acid. The quantitative 
estimations carried out so far show that 45 per cent, (on the weight of 
sun-dried dust) of oxalic acid is formed by fusing the dust with alkali at 
200° for two hours. The optimum conditions are being worked out and 
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the real isolable oxalic acid being estimated with a view to see if oxalic 
acid could thus be profitably produced. 

This dust when extracted yielded to petrol 2*5 per cent, of a dark 
resinous substance which gave an alcohol-insoluble substance as also a 
bromo-derivative. All these products are under investigation. 

105. The fatty acids of ^ Ben ’ oil. 

P. Eamaswami Ayyab and V. C. Pabekh, Bangalore. 

These were separated and esterified by the usual methods and have 
been found to consist of Myristic (7*3 per cent.), Palmitic (4*2 per cent.), 
Oleic (65*8 per cent.), Stearic (lO'S per cent.), Behenio (8*9 per cent.), and 
Lignoceric (3*0 per cent.) acids. The Behenic acid has been proved to be 
the normal one by direct comparison with a specially synthesised speci- 
men. 


106. The fatty acids of Mysore ‘ Chrysalis ’ oil. 

P. Eamaswami Ayyab and V. C. Pabekh, Bangalore. 

These have been shown to consist of Palmitic (13*5 per cent.). Stearic 
(4*0 per cent.), Oleic (33*8 per cent.), Iso-linoleic (38*2 per cent.), and 
a-linolenic (10*5 per cent.), and an unidentified lower fatty acid. 

107. Studies in the synthesis of higher fatty acids. Part V. 

V. A. Patwabdhan and P. Eamaswami Ayyab, Bangalore. 

The action of sodium on 11-Bromo-undecylic methylic ester has 
been studied. 

108. Studies in the s 3 mLthesis of higher fatty acids. Part YI 

— The reactivity of higher alkyl io^des with magne- 
sium. 

P. Eamaswami Ayyab and Y. C. Pabekh, Bangalore. 

The yields of Grignard reagents from six alkyl iodides from C 12 H 25 I 
to C 22 H 45 I have been determined, and incidentally, two new hydrocar- 
bons C 40 H 82 (m.p. 79-81®) and C 44 H 90 (ni.p. 83-85®) have been synthesi- 
sed. 

109. Studies in fish oils. Part III — Study on the constitution 

of certain unsaturated fatty acids characteristic of 
fish oils. 

K. D. Gtiha, Bangalore. 

A sample of Scottish cod-liver oil was used as a source of fatty acids. 
The acetone-lithium salt separation of the fatty acids and subsequent 
distiUation of their methyl esters were used for the separation of indivi- 
dual acids. The position of double bonds in Cie, Cig, C 20 and C 22 acids 
with varying degree of unsaturation were studied. 

110. Action of alkylene bases on esters. 

M. N. Eamaswami and P. C. Guha, Bangalore, 

In connection with some other work being done in this laboratory we 
had occasion to try the action of ethylenediamine on acetoacetic ester. 
Mason (B. 20, 267) considered the product of the reaction to be ethyl 
ethylene-di-jS-amido-a-crotonate and claimed that he obtained the corres- 



(31) 


Abstracts, 


215 


ponding free acid by heating either the erotonate with water or by 
heating acetoaeetic ester in a sealed tube with ethylenediamine. We 
have been unable to confirm these results. 

This leads us to suspect whether the product of the reaction was 
really what it was represented to be. The present paper embodies the 
results obtained by the action of alkylene bases on esters in general and 
experiments conducted to find the constitution of the resultant products. 

111. Extension of MchaeFs reaction. — Part IV. 

T. N. Ghosh and P. C. Guha, Bangalore. 

In the Proceedings of the Eighteenth Indian Science Congress^ 1931, the 
condensation of phenylazocarboxylic ester, azodicarboxylic ester with the 
sodium derivatives of acetoaeetic ester, etc., was reported. In continua- 
tion of the same work, earbethoxythiocarbimide COOEt — N=C=S has 
been found to react with the sodium derivatives of cyanacetic ester, and 
acetoaeetic ester to yield the usual additive products. With malonic 
ester, however, a compoimd of the type COOEt — NH — CS — CH — COOEt 

COOH 

has been obtained. Mesoxalie-ester-phenylhydrazone (COOEt) 2 =C=N 
—NHPh, reacting with the sodium derivatives of acetoaeetic ester, 
malonic ester, etc., is simply converted into COOEt— CH(COOH)~NH— 
NHPh. Evidently therefore the expected IMichael’s condensation has 
not taken place here, perhaps due to the presence of the positive group 
=N-NHPh. 

112. Studies in the acetylation of ligno-cellulose. — Part II. 
Pabiteakxjjviar Das and H. K. Sen, Calcutta. 

The acetylation of cellulose or ligno-cellulose under pressure without 
the use of any catalyst does not appear to have been undertaken by 
previous workers. This process was considered to have a peculiar suita- 
bility in the determination of the relationship between lignin and cellulose 
in ligno-cellulose, that is to say whether the two are chemically combined 
or physically adsorbed. The central idea underlying this view is that if 
lignin and cellulose are chemically combined and if during acetylation 
imder pressure acetolysis takes place and the lignin is set free from its 
combination with cellulose, then there should be a new centre for acetyla- 
tion in addition to the already existing centre for mono-acetylation in the 
cellulose. A necessary inference from this would be that a modified 
cellulose, that is to say cellulose isolated from ligno -cellulose by Cross and 
Sevan’s method or chlorine peroxide method or by cuprammonium method 
would yield under pressure even in the absence of catalysts a diacetylderiva- 
tive. This expectation has been realised. There is however an evidence 
which weakens this theory. It is found in the acetylation of the standard 
cellulose, cotton itself. XJnder similar experimental conditions, treated or 
untreated cotton gave an acetyl value almost nearly agreeing with the 
monoacetyl. One would be disposed to explain this difference by consi- 
dering that cotton is a more highly polymerised condition of ceUulose. 
This view is supported by the lower alkali adsorption of cotton in com- 
parison with cellulose from saw dust. To bring all the three under the same 
category and to explain the inequality in their capacity for undergoing 
acetylation, one is thus forced to think that this difference arises out of a 
difference in the degree of polymerisation and the theory that lignin is 
chemically combined with cellulose loses all force. But to accept that 
ligno-cellulose which is formed through such a long number of years in 
the plant world should represent a lower state of polymerisation than 
cotton is somewhat difficult. 

Incidentally acetylation in the presence of sulphuryl chloride. 
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perchloric acid and limiting quantities of sulphuric acid have been inves- 
tigated, leading to the establishment of the fact that it is the tri -acetyl 
derivative alone that gives optically clear solutions. The lower acetates 
yield only colloidal solutions depending on the size of the particles. The 
higher the acetylation, the greater the depolymerisation. 

Viscosity experiments have been undertaken in this connection. 

113. Studies on vegetable proteases. Part I — Protease from 

Gioer Arietinum and Vigna Catiang, Endl. 

jST. Deseeachar and C. V. Paramasivan, Bangalore. 

Two of the commoner Indian cereals Cicer Arietinum and Vigna 
Catiang, Endl. were germinated and the proteases extracted in the usual 
manner. The preparations were examined (1) for their hydrolysing action 
on proteins and (2) for their adsorption behaviour by various colloids. ^ 

A trial has also been made to aim at the separation of the two exist- 
ing enzymes, viz., Ereptase and Protease, by adsorption methods. 

114. On inulase. 

N. Keshava Iyengar, Bangalore. 

Inulase has been prepared from * Aspergillus sp. ? ’ by culturing the 
fungus on an aqueous extract of Artichoke which is found to contain 
20 per cent, inulin of the total carbohydrates. After 4-5 days growth, 
the fungus mat was collected, washed and dessicated in vacuo oyer 
sulphuric acid. A grey powder is obtained on grinding the dried material 
from which an active preparation of the inulase extract is obtained by 
macerating a given weight of the dry powder with twenty -five times the 
quantity of toluenated water at room temperature for 24 hours. The 
filtrate yields an extract rich in inulase but associated with other carbohy- 
drates like invertase and amylase. Various adsorbents are being tried in 
order to free the extract from other enzymes. A time course study of the 
inulase extract on inulin at 3.8 P^ has been completed. 

115. On the synthesis of uric acid. 

P. C. Gxjha and G. P, Gogte, Bangalore. 

The present paper is a continuation of previous work {Proo, Indian 
Sc. Congress, 1930, 1931). The action of phenylcarbonate upon ethylene-, 
oxalo- and glycolyl-diurea as also upon hydantoin acid amide has been 
studied. The action of urea and biuret upon hydantoin ester NH 2 .CO- 
NH-CH 2 -COOEt and of urea upon biuret acetamide NH 2 -CO-OH 2 -NH- 
CO-NH-CO-NH 2 is under investigation. 

116. jSjS' Diketo cyclohutanes. 

V. M. Dixit, Poona. 

Pechmann {Ber., 1883, 16, 2124 and Annalen, 1889, 261, 167) heated 
citric acid with cone, sulphuric acid to prepare acetone dicarboxylic acid, 
which he condensed with phenols to obtain coumarins. Instead of separat- 
ing the acetone dicarboxylic acid, he mixed phenols directly with the 
reaction mixture and later workers have been using the same process for 
the preparation of the coumarin derivatives. 

The author has, however, obtained BB' diketo cyclobutane carboxylic 
CO — CH.CO 2 H 

acid 1 I (m.p. 144°, equivalent 128), (1) by the action of 

CU 2 — (A) 

sulphuric acid on citric acid, and (2) by heating acetone dicarboxylic acid- 
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at its m.pt. The new compound being susceptible of hydrolysis to 
acetone dicarboxylie acid, can only be preserved in sealed tubes. 

The new compound gave both mono and di-phenyl-hydrazones, a 
monoacetyl derivative, a monobromo compound by substitution and a- 
monochloro derivative. The last one gave dichloro cyclobutadiene' 
with phosphorus pentachloride. 

Elimination of CO2 under reduced pressure from (A) gave a substance of 
CO — CHs 

the probable formula | 1 (B) which gives a hydrazone and is* 

CHa— CO 

converted into j8j3' dichloro cyclobutadiene by phosphorus pentachloride. 
A compoimd having the empirical formula of (B) has been obtained by 
Staudinger {Ber., 1920, 55, 1085). 

The acid (A), on condensing with anisol, in sulphuric acid, gave a- 
para substituted cyclobutenone carboxylic acid : — 

CH3O . C6H4 . 0= ^. 0 . COoH 

I I 

CH2— CO 

The work is being continued. 


117, Formation and stability of a dicyclohexanone. 

P. S. Mayurakathak and P. C. Guha, Bangalore. 

Condensation of isopropylidene malonic ester and acetoacetic ester 
was carried out and the constitution of the resulting addition product 
(aay-tricarboxy*j8j3-dimethyl-8-keto-ethyl butyrate) and ring-closed pro- 
duct (oyclohexane-1 : 1 -dimethyl-3 : 5-diketo-2 : 6-dicarboxylic ester) de- 
finitely established by conversion into Vorlander’s dilactone and dime- 
thyldihydro* resorcin respectively, which were in turn obtained from the 
addition and condensation products of mesityl-oxide and malonic ester. 

On regulated hydrolysis of the ring-closed ester a dicyclohexsinoner 
was obtained which presented a new and interesting study of bridge ior- 
mation and double bonds, their formation and stability, in dimethyl- 
dihydro -resorcin. The product is a dehydrated compound of dimethyl- 
dihydro-resorcin and definitely establishes the presence of para bonds in 
phenols. 

The reactivity and stability of the ring-closed ester towards methy- 
lene iodide in presence of sodium was also tried without success. Inci- 
dentally, the effect of the gemdialkyl and cyano -groups in the formation 
of c2/cZobutane acids was tried. Also the mobility of a tautomeric- 
hydrogen in intermolecular -intramolecular tautomerism was investigated. 


118. On spiro-oompounds. Part II. 

P. K. Paul, Calcutta. 

(Communicated by P. C. Mitter.) 

With a view to see whether six-membered hydro-aromatic ring sys- 
tems can associate with six-membered spiro rings, the Guareschi imides 
from oyclo-pentanone, cyclo-hexanone, 3-methyl cyclo-hexanone and 
4:-methyl cyclohexanone were condensed with tiimethylene bromide follow- 
ing the line of C. A. Kerr (J. Amer, Ohem. Soc.^ 1929, dl, 617) and 
condensation product of the folio-wing type has been obtained. 
being part of (Afferent ring systems. 


/C(CN) CO 

\ )>(CH2)3 

\C(CN)— CO 


NK 
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Cyclo-pentane spiro dicyan cyclo-hexane imide, crystallises from acetic 
acid— m.p. 2oS”C. Cyclo-hexane spiro dicyan cyclo-hexane imide crys- 
tallises from acetic acid— m.p. 204®C. 3-Methyl cyclo-hexane spiro dicyan 
cyclo-hexane imide, from dilute acetic acid — m.p. 202 °C. 4-Methyl cyclo- 
hexane spiro dicyan cyclo-hexane imide crystallises from acetic acid — 
m.p. 212°0. 

The work is being progressed. 


119. Attempted synthesis of canthario acid. 

V. N. Pal and P. C. Glha, Bangalore. 

Methyl-cycZohexan-l : 4-dione-2 : 3-dicarboxylate has been prepared 
by the reduction of the corresponding dihydroxyphthalic acid. Experi- 
ments are in progress to methylate this ester in the 2, 3 positions, and the 
dimethyl derivative, on reduction of the keto groups and dehydration, is 
expected to give cantharic acid. 


120. Curcumone. 

N. 0. Kelkar and B. Sanjiva E.ao, Bangalore. 

Curcumone has been obtained by treatment with alkali of a tertiary 
alcohol C15H26O. The alcohol yields a mixture of oxalic and p-toluic 
acids on oxidation with nitric acid. Treatment with sulphur yields an 
aromatic hydrocarbon. On reduction a saturated alcohol O15H30O is ob- 
tained showing that it is a monocyclic alcohol with two double bonds. 


121. Examination of the chemical constituents of Sweertia 
chirata, 

D. N. Maztjmdab and P. C. Guha, Bangalore. 

The following have been isolated : Stearic, palmitic, cerotic and oleic 
acid, physosterol, a monohydroxy acid (m.p. 292-93 °C), two yellow crys- 
talline phenolic body (m.p. 179-180°C and m.p. 260-61’'C), an yellow 
•neutral body (m.p. 196-98®C), a bitter acid called oplelic acid by Hohn 
(J., 1869, 771) which gave an amorphous light brown bromo compound 
(m.p. 114.115. 5°C). 


122. Constitution of corchoritin. Part II. 

H. K. Sen, Dacca. 

When corchoritin (Proc. Ind. Sc. Congress, 1931) is boiled with alcoho- 
lic potash an isomeric lactone (C12H18O3) is formed due to the shifting of 
•the olefinic linking. Confirmation of this is thus afforded by an abortive 
attempt to isomerise the dihydro-compound with alkali. Corchoritin is 
readily converted by strong hydrochloric acid into anhydro -corchoritin 
due to the removal of the hydroxyl group, since while still possessing the 
lactone group, it yields no longer an acetyl compound. The formation of 
pyruvic acid by the oxidation of corchoritin proves the presence of the 

I I 

group CH3 — C — C — as part of the molecule. The immediate reduction of 

Tollen’s reagent by corchoritin points to the presence of an unsaturated 
lactone of ^y-form. Pyrogenic reduction of corchoritin with zinc dust 
yields a large volume of gaseous product and a brown semi-solid distillate 
from which a colourless substance is isolated possessing a characteristic 
•naphthalene-like smell which gives an orange-red picrate melting at 107®. 
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123. Attempts towards sjmthesis of cantharidin. 

B. H. Iyer and P. C. Gtjha, Bangalore. 

The great unstable nature of ortho-dibromo-dimethyl-eyclohexane* 
having yielded only a very meagre quantity of the nitrile (Proc. Ind. Sc. 
Congress, 1930, p. 185, Abstracts, No. SI) synthesis of deoxycantharidin- 
by this method has been suspended. 

With a view to see if eompoimds similar in structure to eantharidin 
without the two methyl groups, would show vesicant properties, the fol- 
lowing reaction has been tried. The disodium salt of di-acetyl-diethyl 
adipate reacts with the diethyl ester of dibromo-suceinie acid with the* 
formation of 1 : 4-diacetyl-l ; 4-dicarbethoxy-2 : 3-cyclohexanedicarboxy- 
late. Similar reaction with symmetrical dimethyldichlorosuccinie ester is- 
being tried to obtain deoxyeantharidin. 

Studies in the reactions of di-iodofuran with the sodium salts of 
malonic-, aeetoacetic-, and eyanacetic esters are also in progress. 

124. Essential oil from the roots of AristolocMa Indica (Linn) . 

B. L. JManjtjnath, Bangalore. 

The pimgent smelling oil from the roots of AristolocMa Indica was 
found to possess the following constants : — 

^25°/25° 1*^923; [ajp .2-0—33*11° ; ester value 7*3; ester 

value after acetylation 22*5 ; acid value 2*0. 

The oil did not solidify at— 15°. When distilled at 1 mm. pressure, 
boiling commenced at 90° and most of the oil came over between 104'- 
106°. Distillation stopped at 148°. The oil is soluble in 5 volumes of 95 per 
cent, alcohol. 

Substances containing phenolic or the lower allmxy groups are absent. 
The carbonyl compounds amount to 3 per cent. 

125. Essential oil from the seeds of Psoralea Oori/lifolia (Linn). 

H. S. Jois and B. L. Manjxtnath, Bangalore. 

The seeds of Psoralea GorylifoUa on steam distillation gave a pale 
yellow oil possessing a strong and persistent odour (yield 0*06%). The oil 
had the following constants : — 

d.250/250 0-9150; «-q25° Wd 25° “•9*^'^°; acid value 4*6 ; ester value 

12’() ; ester value after acetylation 94*3. 

The oil partially solidifies and becomes highly viscous when cooled to 
— 15°. The boilmg point at 1 mm. pressure ranges between 70° and 152°. 
At 25° the oil dissolves in half its volume of 90 per cent, alcohol. It is free 
from phenols and contains 3*2 per cent, of carbonyl bodies. 

126. Dipterocarpus Indicus. Resin. 

N. C. Kelkar and B. Sanjiva Rao, Bangalore. 

The oleo-resm examined had the following properties : ^2525=0*9694 ; 
1*6075, acid value 18*0, saponification value 23*9, saponification 

value after acetylation 31*8. An acid melting at 161° has been isolated 
and the results of its further examination are described. 

127. On an azulene from the oleo-resin of Dipterocarpus tuber- 

culatus. 

P. C. IMitter and Asokeeitjmab Sen, Calcutta. 

The oleo-resin of Dipterocarpus tub&rculatus gives on steam distillation 
about 30 per cent, of sesquiterpenes, boiling between 100° and 105° at 6 mm. 
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275 grms. of the oil are fractionated at 9 mm. The physical constants 
are given below : — 

Weight of Distillation Density. Refraction. Rotation. for 

•fraction, temperature. (30 C) (30 C) F 2 

250 grms. 105°-7® 0*9039 1*4967 +11 66*107 ... 

25 113°-5® 0*9114 1*4997 +128 65*82 ^ 

The density and molecular refraction agree with that of a bicyclic 
sesquiterpene. 

On dehydrogenation with sulphur a blue oil was obtained which boiled 
at It has a density of 0*9742 at 20°0. 

It gave a pierate melting at 120°-121° and a styphnate melting at 
106^-7°. 

On heating with selenium a similar blue oil was obtained which gave 
a pierate and a styphnate identical with that given by the blue oil ob- 
tained from sulphur treatment. 

The physical and analytical data agree with that of Guaiazulene des- 
cribed by Ruzicka and Rudolph. (Helv. o. A. 9,118, 1926) Vide Proc, Ind. 
Sc. Congress, Lahore, 1927, pp. 161. The work has been resumed with 
material of guaranteed purity supplied by the Conservator of Forests, 
Burma. 

128. Studies in abnormal optical rotation. Part IV. 

S. M. Mistri and P. C. Gijha, Bangalore. 

In continuation of work reported in the Proc. Ind. 8c» Congress, 
1931, p. 164, Abstract Nos. 143 and 144, it has been found that 

(а) pp-diaminodiphenyl-hydrazodiearbonamide, 

(б) pp-diaminodiphenyl-azodicarbonamide, 

(c) pp-diaminodiphenyl-glyoxal, 

(d) pp-diamkioazobenzene, 

(e) pp-diaminohydrazobenzene, 

(J) pp-diaminobenzil, 

Ig) 1 ; 4-diaimnoanthracene, 

cannot be made to react with camphorquinone under ordinary known 
conditions due perhaps to the complex nature and high molecular 
weights of the diamines. One diamine, viz., NH2.C6H4-0H=N-CeH4-NH2 
has been found to react, but even in their case the isolation of the reac- 
-tion product in a pure form has not so far been successful. 

129. Studies in abnormal optical rotation. Part V. 

M. S. Kotnis and P. C. Guha, Bangalore. 

Camphorquinone -mono -hydrazone has been condensed with several 
aromatic aldehydes containing a system of conjugated double bonds. 
With the object of studying the effect of two consecutive nitrogen atoms 
in an unbroken system of conjugated double bonds the compound obtain- 
ed from acetamino-benzaldehyde and camphorquinone-mono-hydrazone, 
has been deacetylated and then condensed with a molecule of camphor- 
quinone. 

130. On asymmetric synthesis of organic sulphur compounds. 

V. 0- Parekh and P. C. Gtjha, Bangalore. 

In extension of the work published by Guha and Menon {Per., 1931, 
■64, 544), another attempt has been made by condensing menthyl-j8-brom- 
propionate with methyl ethyl sulphide — but the resulting product on 
being freed from the menthyl group by hydrolysis has been found to be 
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inactive. With an object to study the effect of exclusion of the possi- 
bility of thetine like ring formation in the unsymmetrical sulphonium 
compounds the action of p-menthylearboxylate of co-bromacetophenone 
and menthyl-S-brom valerate, etc., on unsymmetrical sulphides is being 
studied, 

131. Analysis of Indian coal tars and their distillation pro- 

ducts. 

S. K. Gangtjli, B. Sanjiva Rao, and P. C. Gtjha, Bangalore. 

Coal tars from Calcutta Oriental Gas Company, Bombay Gas Works 
and Jamshedpur Coke oven have been analysed. 

Calcutta Gas Work’s tar: (sp. gr. at 23°C, 1*1688) containing free 
carbon 9*42% ; ash 0*067% ; yields on distillation under standard condi- 
tions, ammonia water 2*50% ; light oil (up to 170®C) - 3*20% ; middle oil 
(170-230'’C) 12*50% ,* creosote oil (230‘^-270°C) 10*80% ; anthracene oil 
<270‘’-360°C) 8*20% and pitch 62*80%. 

Bombay Gas Work’s tar: (sp. gr. at 23°C, 1*1363) containing free 
carbon 2*55% ; ash *12% ; yields on distillation under the same conditions 
ammonia water 4*0% ; light oil 8*2% ; middle oil 12*5% ; creosote oil 
10*4%; anthracene oil 10*2%; pitch 54*2%. 

Jamshedpur Coke Oven tar: (sp. gr. at 23°C, 1*2400) containing free 
carbon 17*43%; ash *07% ; yields on distillation under the same condi- 
tions no light oil, but only 20% of it distils between 230-350°; pitch 
80%. 

132. Examination of the light oil manufactured by Bengal 

Chemical and Pharmaceutical Works from Calcutta 
Gas Work’s tar. 

S. K. Ganguli, B. Sakjiva Rao, and P. C. Guha, Bangalore. 

Acids, bases and neutral oils from the light oil are separated and 
each fractionally distilled with fractionating columns under certain speci- 
fied conditions and the constituents individually analysed with the follow- 
ing results: ammonia water 0*60%; benzene 7*43%; toluene 7*34%; 
xylene and other unidentified hydrocarbons in solvent naphtha 6*73%; 
unsaturated hydrocarbons 1*390% ; imidentified hydrocarbons in heavy 
naphtha 12*18%; pyridine and its homologues 5*57%; phenol 1*34% (by 
weight) ; ortho cresol 6*13% (by weight) ; other higher homologues of the 
series 7*94% (by weight) ; naphthalene crude 6*29% (by weight). Hydro- 
carbons boiling above 200°, 29*14%. 

Analysis of the middle oil, creosote oil, anthracene oil and pitch are 
in progress. 

133. Chemical investigation of the high boiling bases of 

heavy anthracene oil. 

S. K. Gaijguli and P. C. Guha, Bangalore. 

Excepting the isolation of some high boiling bases like di-methyl- 
quinolines and acridine in the high boiling fractions of the bases obtained 
from coal tao*, no work appears to have been done on the isolation of the 
bases occurring in anthracene oil. While analysing the acidic, neutral 
and basic constituents of the different fractions of coal tar distillation 
products supplied by Bengal Chemical and Pharmaceutical Works, it 
was discovered that the heavy anthracene oil (B.P, 350° and upwards) 
contains as much as 2*5 per cent, bases. The present work embodies the 
results obtained in the isolation of the ingredient bases by careful fractiona- 
tion of the products obtained by vacuum distillation under 1 to 25 mm. 
pressure. 
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134. Attempts to synthesise diphenylene : isolation of 
p-diphenylene-di-monosulphide. 

V. C. Pabekh and P. C. Guha, Bangalore. 

Turner {Soc., 1915, 107, 1495), Sircar and Majumdar (J. Indian Ohem. 
Soo., 1928, o, 417) and Menon (Indian Institute of Science unpublished 
work) made unsuccessful attempts to sjmthesise p-diphenyleue by the 
action of metals on suitable aromatic halogen compounds. The action of 
several desulphurising agents has now been tried upon phenylenedisul- 
phide (C 6 B[ 4 S 2 )x and a compound m.p. 148®, possessing the composition 
CgH^S and molecular weight 214-218, has been isolated. From its 
properties it appears to be p-diphenylene-di-monosulphide 

S 

C6H4< >C6H4. 

s 

Further work on the synthesis of the same and similar other sub- 
stances from suitable pp -diderivatives of diphenyl sulphide, -oxide and 
-imide is in progress. 


135. MoreUin. 

B. Sanjiva Bao, Bangalore. 

The acetyl derivative C38fi420io of this yellow colouring matter gave 
on oxidation with hydrogen peroxide and potassium permanganate the 
same acid melting at 49-50®. On reduction a tetrahydro compound was 
obtained. Distillation over zinc dust yields a hydrocarbon which gives a 
picrate. 


136. Action of chlorine on dilute aqueous solution of some 
phenols and the effects of the products formed on the 
taste and odour of water. 

B. Sanjiva Eao, Bangalore. 

The products formed on gradual addition of chlorine to a dilute 
aqueous solution of phenol and o-cresol are described. 


137. The condensation of resorcinol and secondary alcohols, 
J. N. Bay and M. A. Haq. 

Resorcinol condenses with isopropyl alcohol and other secondary 
alcohols in presence of ZnCl 2 to give products which are analogous to 
hexyl resorcinol in constitution and antiseptic properties. 


138. Chlorination of derivatives of /3-resorcylaldehyde. 

M. Sbsha Iyengab a7id K. Santanam, Bangalore. 

A solution of 2-hydroxy -4-methoxybenzaldehyde yields on chlori- 
nation under different conditions, the monochloro and the dichloro- 
aldehydes melting at 107“^ and 94'" respectively. Further, the dichloro- 
aldehyde forms on treatment with nitric acid a dichloro-nitro-derivative 
which is identical with the product obtained by chlorinating 6-nitroresor- 
cinol-S-methylether, melting at 102®— 103®. 

The paper deals with the preparation of the above compounds and 
their constitution. 
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139. The quarternary salts of p-dimethyl-toluidine, 

M. Q. Doja, Patna. 

Several quartemary salts of p-dimethyl-toluidine have been prepared 
and ex amin ed. An improved method for the preparation of trimethyl-p- 
tolyl-ammoninm iodide has been given, and detailed methods of prepara- 
tion and properties of the others have been noted. 

140. Studies in diphenylamine derivatives. 

P. N. Sek and S. Roy, Calcutta. 

Buch (Ber., 1884, 17, 2634) obtained diphenylamine in very poor yields 
by heating aniline and phenol in presence of ealcium chloride at 300^. 
It is now found that a fairly satisfactory yield of diphenylamine (30%) is 
obtained by the condensation of aniline and phenol in the presence of 
anhydrous ZnCl 2 and NH 4 CL in an atmosphere of CO 2 at 260®. This 
new method has been worked out for obtaining unsymmetrical diphenyla- 
mine derivatives: — Naphthyl-3 - amino -4-methyT-phenyl-amine (m-toluylene 
diamine-b-naphthol-60% yield), 3-amino-4-methyl-3'-hydroxy-diphenyla- 
mine (m-toluylene diamine-resorcinol-40% yield), 3-amiuo-4'-hydroxy- 
diphenylamine (m-phenylenediamino-hydroquinone), 3-amino -4-methyI- 
4' -hydr oxy-diphenylamine (m-toluylenediamine-hydroquinone). 

These diphenylamine derivatives have all been condensed with ben- 
zoic acid by heating with ZnCl 2 to yield unsymmetrical 5-phenyl acridine 
derivatives. These acridine compounds dye silk with shades varying from 
orange to deep orange. The fluorescence of these compounds is much 
more intense than that of benzo-flavine. 

141. Preparation of p-diethyiamino-benzaldehyde. 

Q. Doja and A. Mokeet, Patna. 

An improved method for the preparation of p-diethylamino-benzal- 
dehyde by the interaction of diethylaniline formaldehyde and nitroso- 
diethylaniline has been described. The preparation of nitroso-diethylani- 
line from sodium nitrite, diethylaniline and hydrochloric acid has also 
been investigated in this connection, and a technique has been evolved 
which gives a high yield of the product in a very pure form. 

142. Studies on azo-aldehydes. 

R. N. Sen and B. Banebjbb, Calcutta. 

The azo-aldehydes form an interesting group of compounds as inter- 
mediate products in the synthesis of useful dyes with multiple chromo- 
phores (cf. Green and Sen, J.G.S,, 1912, 101, 1113; Dutt, ibid., 1926, 129, 
1171 ; Sen and co-workers, J.A.G.S., 1924, 46, 111 ; 1928, 5, 487 ; 

ibid., 1930, 7, 1 ; ibid., 1930, 7, 151). 

The hydxoxy -azo-aldehydes described in this paper have been pre- 
pared by the application of Riemer and Tiemann reaction on the azo- 
phenols ; the yields of the aldehydes being increased when a dilute solution 
(23%) of caustic soda is used and a mixture of chloroform and alcohol 
( 1 : 4) is added slowly to preserve the homogeneity of the reaction mixture. 
The effect of substituents (a) in the phenol residue and (b) in the benzene 
residue of the azo-phenols on the yield of the aldehydes, has been 
thoroughly investigated and it is seen that substituents generally exert a 
more or less inhibiting effect, it being more marked when substituting 
groups are present in the phenol residue. It is interesting to note that 
whereas the presence of Cl, NO 2 and alkyl groups in the phenol residue 
exerts a strongly adverse influence on the reaction, the influence of these 
groups in the benzene residue is not however so strong. The constitution 
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of some of the hydroxy-azo -aldehydes has been proved by their synthesis 
from eoapling corresponding diazotised amines with the corresponding 
hydroxy aldehydes. These aldehydes generally exhibit marked inactivity 
in forming bisulphite compounds and they give semicarbazones and 
phenylhydrazones with extreme difficulty and react with NH2OH and 
amino compounds to form oximes and azo-methine compounds respect- 
ively. 

With a view to study the influence of various substituents, viz., OH, 
NO2, CH3, (CH3 and O3H7) some of these aldehydes have been condensed 
with (a) dimethyl aniline and (b) resorcin to give azo-triphenyl-methane and 
azo-pyronine dyes respectively with two chromophores in m-positions to 
each other. 

143. Studies in the mercuration of 0 -, m-, and p-nitrobenzoic 
acids and 4-nitrophthalic acid. 

P. S. Maytjbakathak and P. Ramaswami Ayyae, 
Bangalore. 

The mercuric salts of the above acids were dry heated at about 180° 
and the resulting products were respectively treated with bromine as well 
as iodine. The following products were, respectively, identified : — 

(1) o-nitro-bromo (or iodo) benzene. 

(2) 2-bromo (or iodo) 3-nitro-benzoic acid. 

(3) 2-bromo (or iodo) 4-nitro-benzoic acid. 

(4) do. 

The mechanism of the reactions is discussed. 


144. Studies in steric hindrance : Part I. — The isomerism of 
the monomethyl esters of 3-nitrophthalic acid. 

P, Ramaswami Ayyar and P. S. May-ctranathak, 
Bangalore. 

The two monoesters, melting at 152'’ and 162°, have been prepared by 
well-known methods and purified thoroughly by a new and a very short 
method. Their structures had been till now assumed, without adequate 
chemical evidence, to be a- and j8-monoesters respectively. 

Direct evidence for this was sought by dry heating at about 180° of 
their mercuric salts, followed by halogenation or hydrolysis of the result- 
ing mercurated compounds. In both cases, however, the same products 
resulted, viz., 2-bromo (or iodo; -3 -nitro benzoic acid, and m-nitrobenzoic 
acid respectively. 

• Evidence was also sought by the dry heating of the silver salts and in 
both cases again only m-nitrobenzoic acid was formed. 

Both these evidences point to the fact that the isomerism of the two 
esters is not due to position and it is suggested that the a- and jS-esters may 
respectively be 


.NOa 

" 6 ^ 3 \ 


( 1 ) 

,/OH 


and 


CO/'^XCH, 


/NOa (1) 
COOH (2) 
® \ COOCH 3 


(3). 


145. 6-Sulpho-salicylic acid. 

N, W. Hibwe and M. E. Jambhekae. 

p-nitro toluene was sulphonated with fuming sulphuric acid at 100°. 
2-sulpho-4-nitrotoluene thus obtained was nitrated with fuming nitric 
acid, when 2-sulpho-4-6-dinitrotoluea8 was obtained. 2-sulpho-4-6-dinitro- 
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toluene was oxidised and 2-sulp]io-4:-6-dinitro benzoic acid was formed. 
This compound is finally converted into 6'Sulpho salicylic acid by reduc- 
ing the 6-nitro-group, diazotising and converting into -OH group, and 
eliminating the 4-nitro -group as usual (by reduction, diazotisation and 
boiling with alcohol). 

146. Thiophthalic acids. Part II. — ^Nitroderivatives. 

G. C. Chakeavabti, Bangalore. 

In connection with the syntheses of mono- and dithiophthalic acids I 
have shown {J, Ind. Ohem. Soc., 1928, V, 405) that although mono- 
thiophthalic acid is very reactive towards oxidising agents yet it can be 
obtained under certain conditions as a crystalline identity. Dithiophtha- 
lic acid, however, is very unstable and cannot be isolated in the free state. 
Proceeding on the same lines it has been possible to prepare a number of 
derivatives of nitro-thiophthalic acids. Experiments are being conducted 
for the isolation of the free acids from these various derivatives. 


147. Condensation of phenols and phenolic ethers with 
acetone dicarhoxylic acid. Synthesis of ^ substituted 
cyclobutenone carboxylic acids. 

V. M. DrxiT, Poona. 

The author condensed phenol, anisol and o-cresyl methylether with 
acetone dicarhoxylic acid and obtained a series of p-substituted glutaconic 
acids. (See Proceedings of the Indian Science Congress, 1930.) 

The primary product in each reaction was, however, found to be an 
ttjS substituted cyclobutenone carboxylic acid, the substitution taking 
place in the para position to the hydroxy or the methoxy group. This 
compound, on hydrolysis by caustic soda, gave the corresponding gluta- 
conic acid, identical with that mentioned above. Thus, anisol gave 

CH3O . . C=C . COgH 

I I 

CHa— CO 

(m.p. 164®, equivalent, 218) which on hydrolysis gave jS-4-methoxyphenyl 
glutaconic acid (m.p. 176® with decomp.). The hydrolysis is so easy that 
it proceeds in air and in dilute alcohol. 

Each of the new cyclic acids gave an isonitroso derivative, anilide, a 
monochloro compound, a semicarbazone and a mono-acetyl derivative. 
The last two are titratable acids and can give barimn salts. 

The new ketonic acids were also obtained from the corresponding 
glutaconic acids by heating them at their m.pts. and by the action of 
acetyl chloride or 100 per cent, sulphuric acid. 

Further work is in progress. 


148. Condensation of phenols with acetone dicarhoxylic acid. 

Synthesis of jSjS diphenyl glutaric acids. 

V. M. Dixit and G. N. Gokhale, Bombay. 

So far, phenols have been condensed with acetone dicarhoxylic acid 
to produce coumarin derivativies (Dey, Trans, Ohem. Soc., 1915, 107, 1606) 
and glutaconic acids (Limaye and Dixit, Proceedings of the l7idian Science 
Congress, 1930), the condensing agent being sulphuric acid. 

The authors have found out that two molecules of a phenol condense 
with acetone dicarhoxylic acid to give a new saturated dicarhoxylic acid 
(m.p. 234® decomp.). The equivalent and combustion analysis confer the 



(42) 


226 Section III, Chemistry. 

formula CiTHieOe on the compound, to which the following structure has 
been assigned : — 

*^/CH2-C02H 

'^CH2-C02 M 
-OH ^ 

The new acid also gives a dibenzoyl derivative, a diethyl ester and a 
diacetyl anhydride with acetyl chloride. On treatment with 100 per cent, 
sulphuric acid, it is decomposed into phenol and o -hydroxy phenylgluta- 
conie acid which is immediately transformed into coumarin-i-acetic acid 
of (Limaye, J. I. Ghem. Soc., 1927, 4, 154). 

A series of the new glutarie acids has been obtained by condensing 
o-eresol, p-cresol and quinol with acetone dicarboxylic acid. 

Further work is in progress. 

149. p — (2-Methoxyphenyl) — glutaconie Acid. 

D, B. Limaye, Poona. 

Limaye and Bhave {J. Ind. Ghem, Soc., 1931, 8, 137) have shown that 
the product of the direct condensation of anisole and acetone-di-cardoxy- 
lic acid is jS — (4-m6thoxyphenyl) -glutaconie acid. The corresponding 
2-methoxy acid, 0i2Hi2O5, m.p. 151®C., also has now been prepared by the 
methylation of eoumaryl-4-acetic acid (Limaye, J. Ind, Ghem. Soc., 1927, 
4, 159). The new acid has been further characterised by the preparation 
of anhydride, m,p, 101*0. and semianilide m.p. 165*0, (decomp.). The 
acid can be readily reduced to be corresponding glutarie acid. 

Mr. Gagate (Bombay XJniv. thesis, 1931) has prepared a similar 
glutaconie acid from para cresol and the method which appears to be 
generally applicable is being extended to other cases and the products 
used for further synthesis here. 

150. Chloralides from a-hydroxy carboxylic acids and their 

reduction products. 

N. M. Shah and E. L. Alimchandani, Dharwar. 

The condensation of chloral with m-cresotic acid led to the synthesis 
of substances related to a-coccinic acid {J.I.G.S., 1931, 8, 261). 

In order to see whether chloral condenses with m-cresotic acid or its 
derivatives in the meta position as claimed by Schleussner and Voswinckel, 
and with a view to synthesise cochinillic acid, we tried to condense chloral 
with 2-methyl-5-carboxy-4-hydroxy-l dichloro ethyl benzene and 
with 4-hydroxy -5 -carboxy -2 -methyl mandelic acid and their methyl ethers. 
The former does not condense at all while the latter gave a product which 

proved to be a chloralide — C — O — CH . CCI3. This on reduction with 

zinc and acetic acid gave a substance containing the group 

— C— O-CH2CHCI2. 

COOH 

In aliphatic series, chloralides of tartaric and citric acids show a 
similar behaviour on reduction ; tartaric acid chloralide gave a substance 
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oontaining the above groups, while citric acid ehloralide is reduced to 

-<Lo — CH . CHClg without breaking of the ehloralide ring. 

CO O 


The chloralides of other a -hydroxy acids, e.g., lactic, mandelic and 
benziUic acids have been studied and their reduction products are under 
investigation. 


151 . m-(p-Dihydroxy) diphenyl phthalide or iso-phenoiphtha- 
lein. 

S. Y. Kolha-TKAr. 

Phenolphthalein and the corresponding ortho compound are known. 
The meta isomer was prepared by the condensation of phenol with o-(m- 
hydroxy -benzoyl) benzoic acid in the presence of zinc chloride as condens- 
ing agent. The iso -phenolphthalein is a pink coloured hygroscopic crys- 
talline substance melting at 60^ (not sharp) and decomposing at 80°. 


152. Condensation of phthalyl chloride with nitrophenols and 
their methyl ethers. 

8- y. Kolhatkar, 


By the condensation of phthalyl chloride and nitrophenols in the 
presence of anhydrous aluminium chloride in carbon tetrachloride, carbon 
disulphide and acetylene tetrachloride, etc., two types of compounds, \iz., 
phenolic ethers like 



O NOa 

and substitution products of hydroxybenzoyl benzoic acid like 



COOH 



were obtained. The latter could also be obtained by the nitration of 
the hydroxy-benzoyl benzoic acid concerned and so their constitution 
was confirmed. In presence of aluminium chloride, demethylation of the 
methyl ethers were found to occur and the products were identical with 
those obtained with the nitrophenols. 
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153. Studies in the anthraquinone series : catalytic reduction 

of anthraquinone derivatives. 

P. C. Mitter anl Dilipkijmar Baneejee, Calcutta. 

The chloride of anthraquinone -P- carboxylic acid gives on reduction 
with hydrogen in presence of palladiumised barium sulphate, anthraqui- 
none -j8- aldehyde. Diaoetyl rhein chloride gives on similar treatment the 
corresponding aldehyde. Further reduction of the aldehydes into the 
corresponding alcohols with suitable catalysts is being attempted. 

154. Colouring constituents of alkanet root. 

G. C. Chakbavarti, Bangalore. 

In continuation of the investigation recorded previously (cf. Ind. 
Congress Abstracts, 1930 and 1931) further work has been carried out in 
obtaining the dyes in the pure state. Two of the constituents, alkannin 
and anchusin, on analysis give values for their molecular formula which 
are closely in agreement with those derived from their derivatives. The 
formula recently suggested for alkannin is criticised. 

155. On munjisthin. 

P. C. Mitter and Habogopal Biswas, Calcutta. 

When 3 -methyl alizarin is treated with sulphuryl chloride in nitro- 
benzene in presence of iodine, it is converted into 1-2 dihydroxy 3-methyl 
4-ehloranthraquinone. (M.P. 178®— 180°.) On oxidation with nitrous 
acid in presence of boric and sulphuric acids according to the method of 
D.B.P. 273341 at a temperature of 160°— 165°, it gives pmpurin. Oxida- 
tion ^ at a lower temperature — 140° to 146°— gives rise to an acid 
melting at 220°— 222° (melting point of pseudo-purpurin), but which con- 
tains traces of chlorine. From this on reduction with sodium hydro - 
sulphite and ammonia in the cold, purification over the insoluble barium 
compound and recrystallisation from dilute acetic acid, munjisthin is 
obtained. It melts at 229°— 230° and is chlorine-free. On admixture 
with natural munjisthin it melts at 227°-228°. 

156. Studies in the anthraquinone series : — S 3 nithesis of 1, 6 

dioxy 3-methyl and 1, 7 dioxy 3-methyl anthraqui- 
nones. 

P. C. Mitter and Nripendbakath Chatterji, Calcutta. 

When 4-nitrophthalic anhydride is condensed with meta-cresol in 
presence of aluminium chloride a mixture of two nitrobenzoyl benzoic 
acids are obtained, one (A) melting at 196°C. and the other melting at 
202°— 3°. On fusion with potash, the acid (A) gave p-nitrobenzoic acid 
and an acid which gave a violet coloration with ferric chloride, while (B) 
gave m-nitrobenzoic acid and an acid which also gave a violet coloration 
with ferric chloride. (A) is therefore 4-nitro-(2' oxy-4' methyl benzoyl) 
2-benzoic acid while (B) is 5-nitro (2' oxy-4' methyl benzoyl) 2- benzoic 
acid. On reduction with ferrous sulphate and ammonia, A gave 4- amino - 
(2' oxy-4' methyl benzoyl) 2-benzoio acid (m.p. 218°C.) which on diazotisa- 
tion gave 4-oxy (2' oxy-4' methyl benzoyl) 2-benzoic acid (m.p. 214°— 
215°C.)^ Onheating with boric anhydride and sulphuric acid, this is con- 
verted into 1,7 dioxy 3 -methyl anthraquinone (m.p. 255°— 56°C.). Similarly, 
from the acid (B), 6-amino (2' oxy-4' methyl benzoyl) 2-benzoio acid 
fm.p. 237°— 38°C.), 5-oxy-(2' oxy-4' methyl benzoyl) 2-benzoic acid (m.p. 
215'^— 16°C.) and 1, 6-dioxy 3-methyl antliraquinone (m.p. 213°— 14°C.) were 
obtained. 
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157. Studies in the fluorenone series. 

A. C. SmcAE and K. C. Bhattachaeyya, Calcutta, 

T ^ contmuation of the work of the present authors described in the 
Journal of the Indian Chemical Society (1931, Vol. VIII, issue No. 9) the 
present paper deals with a number of substantive cotton dyes that have 
^ • 7-diamino-fluorenone (Schmidt and others, Ann,, 
^yo, ^10) by couphng the tetrazo salt with various phenolic and basic 
constituents. 

of preparing 2-amino-fluorenone (ef. Diels, 
ijer., 34, 1748) giving much better yield has been described. 

--lodo ^d 2-bromo-fluorenone, which had already been prepared 
before by other ways (Cf. Anal, Asoc. Quin. Argentina, 1297, 15, 5-9 and 
Schmic^ and Bauer, Ber., 1905, 38, 746) have now been prepared from 2- 
amino-fluorenone via diazo-reaction. 

158. Studies in acenaphthenone. 

A. C. SmcAE and Rajgoealau, Calcutta. 
Acenaphthenone has been studied through its *CH 2 — CO’ group and 
the following types of compounds prepared. (1) Pyrylium compounds; 
(2) Indole derivatives; (3) Quinoline derivatives; and (4) Azo-methine 
derivatives. The action of nitroso compounds, and aromatic ortho 
diketones on acenaphthenone has also been studied. 

159. Acenaphthene quinone and hydrazine hydrate, 

B. K. Baneejea, Bajshahi. 

The action of hydrazine hydrate upon certain ketones and diketones 
is known. ^ In this paper the action of hydrazine hydrate upon acena- 
phthene quin one has been investigated. A monohy dr azi -compoimd melting 
at 136° —*137° and its benzaldehyde derivative melting at 223° are described. 
With two molecules of hydrazine hydrate, instead of obtaining a dihydrazi- 
derivative, two isomeric compounds styled as (1) acenaphtho-osotriaozole 
and (2) acenaphtho-aziimide are produced, one melting and decomposing 
at 225°— 226° and the other melting at 175°— 176° but not decomposing at 
225°— 226°, 

160. Dyes derived from pyraziudicarboxylic acid: pyrazin- 

dicarboxyleins. 

S. C. De a7id P. C, Dutta, Muzaffarpur. 

This paper deals with phthalein dyes which were prepared from 
pyrazin-o-diearboxylic acid (Gabriel and Sonn, Ber., 1907, 40, 4851) by 
condensing it with various aromatic amino and hydroxy compounds and 
were compared with corresponding dyes derived from phthalic anhydride 
on the one hand and quinolinic acid (Ghosh, J.G.8,, 1919, CXV, 1102) 
on the other. Apparently the intensity of colour of these dyes has been 
found to be enhanced but the fluorescent property much decreased. Of 
the compounds, the m-phenylenediamine condensed product has the 
liighest fluorescence. The use of condensing agent such as sulphuric acid 
zinc chloride, etc., is not essential as even without them condensation 
takes place. 

161. Dyes derived from acenaphthoqninone and isatin: 

Qninoxalo-acenaplitliazines and quinoxalo-indazines. 
P. C. Dutta and S. C. De, Muzaffarpur. 

In continuation of the work of De and Dutta on quinoxalophenanth- 
razines {Proc. Indian Sc, Congress, 1931), the action of diaminoquinoxalin 
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by Bladin {Ber., 1885, IS, 672) on the aromatic ortho -diketones was further 
studied. The communication deals with compounds produced by the 
condensation of diaminoquioxalin with acenaphthoquinone, isatin and 
their various derivatives. They are all coloured substances ranging from 
yellow to reddish brown. The compounds are all well-defined crystalline 
substances characterised by high melting point. They dissolve in con- 
centrated sulphuric acid from which the original substances can be preci- 
pitated as a flocculent mass well -suited for dyeing. 

162. Vat dyes derived from phenanthraquinone-thionaph- 

thene-phenanthrene indigoes. 

P. C. DtJTTA, Muzaffarpur. 

It has been shown by Friedlander, Herzog and Voss (Ber., 1922, 55, 
1591), that phenanthraquinone condenses very easily with hydroxythiona- 
phthene in acetic acid solution containing traces of hydrochloric acid and 
a violet dye is produced. Later on Pummerer and Luther (Ber., 1931, 64, 
831) have obtained that very substance as a red brown crystalline mass 
by a slight modification of the above method and they say that the 
original substance as obtained by Friedlander and his collaborators must 
contain traces of thio-indigo as an impurity. The present author got 
the substance as a chocolate brown mass and he further extended the 
reaction by condensing hyroxythionaphthene with various derivatives of 
phenanthraquinone. The condensation products with bromo and nitro- 
phenanthraquinones are found to be violet dyes whereas those with 
amino and hydroxyphenanthraquinones, black or brownish black. The 
substances dissolve in cone, sulphuric acid with a green, violet green or 
violet brown colour and the original dyes can be precipitated back by 
treatment with water which precipitates are found to be quite suitable 
for dyeing on wool from an acid bath. Except the bromo-compounds, 
they dissolve in hydrosulphite vat with a yellowish brown colour from 
which the original dyes are precipitated by oxidation with air. 

163. Indole transformation of the pyrryl ketones. 

A. U. Quereshi and J. N. Ray. 

A number of pyrryl methyl ketones have been synthesised and con- 
verted into pyrrindoles. The mechanism of Fischer’s indole transforma- 
tion has been studied. The synthetic pyrrindoles may be precursors of 
tryptophane and proline in the hydrolysis of the proteins. 

164. A new synthesis of indigo. 

K. S. Vaidyanathan. 

Anthranilic acid (1 mol.) is condensed with chloral (1 mol.) to give a 
product (F^’de Ber., 1895, 28, 2812, and J.Am. O.S., 1908, 30, 139) of the for- 
mula 


A_ 

\A 


N : CH 
COOH 


ccl 


3 


The acetyl derivative of this product on reduction with zinc and acetic 
acid gives two products, one in a good yield and the other in small quan- 
tities. 
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The reduction product formed in larger quantities is fused with sodium 
hydro3dde, diluted with water, and oxidised with atmospheric air, when it 
yields indigo. 


165. Condensation of salicyl-aldehyde with sodium succinate. 
B. B. DeY aild Y. SANKARAli^ARAYAlHA. 

Dyson {Trans., 18S7, 63) who studied the reaction between salicyl- 
aldehyde (2 mols.), sodium succinate and acetic anhydride at a high tem- 
perature, obtained 3, 3'-dicoumarin as the sole product of the reaction. 
It is now found that a small amount of coumarin-3, acetic acid is also 
formed in this reaction if only 1 mol. of the aldehyde is taken : in a typical 
experiment carried out under Dyson’s condition, O-lo gram of coumarin- 
3, acetic acid crystallising in yellow plates melting at lo8°C (methyl ester, 
colourless needles, m.p. 77"G.), was obtained from 3 g. of salicyl-aldehyde. 
If, however, the acetic anhydride be replaced by succinic anhydride, 
coumarin-3, acetic acid is obtained as the main product of the reaction. 
The following results were obtained from a typical experiment : 3 g. salicyl- 
aldehyde, 4 g. sodium succinate and 3 g. succinic anhydride, on heating to 
1S0°C. for four hours, gave 1*2 g. coumarin-3, acetic acid, 1 g. 3, 3'-di- 
coumarin (m.p. 315°C.), and 0*7 g. of another crystalline product (m.p. 
207 °C.) soluble in cold alkali but insoluble in alkali carbonate, which, from 
analyses and chemical behaviour, appears to have the structure given 
below : — 



CH 



It forms an acetyl derivative melting at 177®0. 


166. The coTimarin coadensation. 

V. M. Dixit and G. IST. Gokhale, Bombay. 

Dey {Trans., Ghem. Soc., 1915, 107', 1608) obtained coumarin acetic 
acids by condensing phenols with acetone dicarboxylic acid. In each reac- 
tion, he obtained a coumarin acetic acid which changed m.pts. with a 
change in the solvent of crystallisation. In some cases the m.pt. of the 
crystallised substance was lower than that of the crude product. 

With a view to investigate into the strange phenomenon, the authors 
condensed phenol and the three cresols with acetone dicarboxylic acid. 
In each case, two interconvertible compounds were isolated from the crude 
product. Thus, m-cresol gives a compound (A) (m.p., 168® decomp.) which 
agrees in composition and properties with 7-methyl coumarm-4-acetie acid 
and gives 4 : 7-dimethyl coumarin on decomposition at the m.pt. ; and 
another compound (B) (m.p., 210® decomp.) which contains a molecule of 
water less than (A) and gave also 4 : 7 dimethyl coumarin on decomposition 
at the m.pt. The mixture of (A) and (B) melts at ISO®— 190® decomp. 

(A) can be converted into (B) by 100 per cent, sulphuric acid and 
hydrolysis by NaOH promotes the reverse change which can proceed of its 
own accord in air and in dil. alcohol. Similar pairs of definite compounds 
showing clear differences in equivalents and analysis have been obtained 
from each of the other phenols mentioned above. 

The work is being continued. 
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167. Introduction of arsenic in substituted coumarins. 

M. Goswami and H. N. Das Gupta. 

Substituted amino coumarins have been converted into corresponding 
arsenic acids by means of Bart’s reaction. 


168. 5-Amino-ortho-coumaric acid. 

R. N. Sen and B. Banerjee, Calcutta. 

The diazo-transformations of 5-amino-ortho-coumarie acid are des- 
cribed in this paper. 5-amino-ortho-coumaric acid (m.p. 194°) has been 
obtained by the reduction (with iron and hydrochloric acid) of 5-nitro- 
ortho-coumaric acid which is readily obtained in quantity from 6-nitro- 
coumarin (Sen and Chakraverti, J. Indian Chem, Soc., 1930, 7, 247). 

1 69. 6-Aldehyde-4-methyl-a-naphtha-pyrone. 

R. N. Sen and G. Mukherjee, Calcutta. 

6-aldehydo-eoumarin was previously obtained by the application of 
Reimer and Tiemann’s reaction on coumarin (Sen and Chakraverti, J. Am. 
Ghem. Soc., 1928, 2428). 4-methyl-a-naphtha-coumarin (pyrone) similarly 
yields about 30 per cent, of an aldehyde, the aldehydic group entering the 
6-position (para to original OH group), there being no other possibility. 
The aldehyde does not melt up to 300°, readily gives a phenyl hydrazone 
(m.p. 125^), a semi-carbazone (m.p. 260°) and an oxime (which does not 
melt up to 260°). 

The aldehyde condenses with dimethyl aniline and o-cresotinic acid to 
produce triphenyl methane dyes (leneo); which on oxidation produce res- 
pectively a bluish-green shade and a golden yellow shade on silk and wool. 
A pyronine dye has been obtained by condensing the aldehyde with four 
molecules of resorcinol, when the CO group in the lactone ring as well as 
the aldehyde group react. Silk is dyed a bright orange shade by the 
sodium salt of this compound. 

170. The condensation of a-formylphenylacetonitriles with 

phenols. 

I. C. Badhwar and K. Venkataraman. 

With Baker and Menon we have shown {J.C.S., 1931) that the Hoesch 
reaction of a-formylphenylacetonitrile (I) with resorcinol, phloroglucinol 
and orcinol takes an abnormal course and leads to the coumarin in every 
case. The present work concerns the condensation of (I) with hydroxy- 
hydroquinone triacetate (II), a-naphthol (III) and ^-naphthol (IV). (II) 
gave a mixture of products of which the expected coumarin or isoflavone 
was not one; for comparison, 6 : 7-dihydroxy-3-phenyl-coumarin was pre- 
pared by treatment of (II) with oxymethylene phenylacetic ester and 
sulphuric acid. (Ill) gave 3-phenyl-l ; 2-a-naphthapyrone. Two subs- 
tances were obtained in the case of (IV) ; one was identical with the pro- 
duct of the action of sodium phenyl acetate and acetic anhydride on 2- 
naphthol-1 -aldehyde; the other is probably 3-phenyl-l : 2-jS-j8'-naphthapy- 
rone. 

171. Chromones derived from 2-phenylacetyl-l-iiaphthol and 

2-benzylacetyl- 1-naphthol. 

U. S. Cheema and K. Venkataraman. 

2-phenylacetyl-l-naphthol (I) and 2-benzylacetyl-l -naphthol (II) have 
been mads by the Nencki reaction — heating a-naphthol with acid and 
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zinc chloride. (I) and (II) undergo Robinson’s chromone condensation 
readily. 2-Methyl-3-phenyl-l ; ^r-a-naphthapyrone (III), 2 : 3-diphenyl-l : 
4-a-naphthapyrone (IV), 2-niethyl-3-b©nzyl-l : 4-a-naphthapyrone (V^) 
and 3-benzyl-a-naphthaflavone (VI) have thus been prepared. (Ill), (V ) 
and (IV) were reported to have been made by Jacobson and Ghosh (J.C.S., 
1915, 1916) by condensing a-naphthol with ^-ketonic esters; but their 
compounds are shown to be coumarins. (I) did not react with ethyl 
formate and sodium ; (II) gave a mixture of 3-benzyl-l : 4-a -naphtha - 
pyrone and 2-hydroxy-3-benzyl-a-naphthapyranone. 

172. 2-Styry lehr omones . 

U. S. Cheema, K, C. Gulati, and K. Veitkatabamak. 

The action of cinnamic anhydride and sodium cinnamate on resaeeto- 
phenone, phloraeetophenone and 2-acetyl- 1-naphthol gave amorphous 
products from which no pure styrylchromone could be isolated. Respro- 
piophenone, 2 -propionyl- 1-naphthol, 2-phenylacetyl-l-naphthol and 2- 
benzylacetyl-l-naphthol, however, reacted readily with cinnamic anhy- 
dride and with p-methoxycinnamie anhydride giving 3 -substituted 2- 
styrylchromones. Two other possible methods for the preparation of 
styrylchromones imsubstituted in the 3-position were investigated. The 
first was to condense ketones such as o-hydroxyacetophenone with 
einnamaldehyde, convert the cmnamyUdeneacetophenone to the 2-styryl- 
chromanone and then treat the latter with phosphorus pentachloride ; 
the chromanone change did not proceed. The second method was a re- 
examination of that due to Heilbron, Barnes and Morton and consisted in 
the condensation of 2-methylchromones with aromatic aldehydes. The 
process was found to be much more generally applicable than Heilbron 
and others considered and numerous 2-styrylchromones and 2-styTylnaph- 
thapyrones have thus been prepared. The synthesis of certain 2-styryl- 
chromones, having a possible bearing on the constitution of plant pigments 
such as fukugetin and pratensol, is in progress. 

173. a-Naphtha-y-pyrones. 

K. S. Kang and K. Venkataraman. 

BhuUar and one of us having shown earlier {J.C.S., 1931) that the 
action of acid anhydrides on 2-acetyl-l-naphthol (I) leads to a mixture of 
naphtha-y-pyrones and their 3-acylated derivatives difficult to separate, 
further naphthapyrones have now been made by the chalkone method. 
The condensation of (I) with o-methoxybenzaldehyde and 3:4: 5-trime- 
thoxybenzaldehyde respectively gave the corresponding 2-benzylidenea- 
cetyl-l-naphthol ; treatment of the acetate with bromine yielded the 
dibromide, which was then treated with alcoholic potash. 2'-Methoxy-oc- 
naphthaflavone and 3' : 4' : 5'-trimethoxy-a-naphthafllavone thus obtained, 
were then demethylated to the corresponding hydroxy-compounds whose 
reactions and dyeing properties are recorded. 

174. Condensation of acetone-di-carboxylic acid wibb parac- 

resolmethyletber. 

D. B. Limaye and G. E. Gogote, Poona. 

It has been shown by Limaye and Bhave (J. Ind. CJiem. Soc.:, 1931, 6', 
137) that when anisole is condensed with acetone-di-earboxylic acid j8 (4- 
methoxy phenyl) — glutaconic acid is produced. It seemed of interest to 
investigate a case where the para position is already occupied. 

The condensation with paracresolmethylether has yielded under suit- 
able conditions four products : 

(ct) the already known couinaryi-4-acetic acid from paracresol 
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(d) a dibasic acid— ^ (2-methoxy-5-phenyl) glutaconic acid, Cig H 14 

O 5 , m.p 169^0 (decomp.) 

(c) a monobasic acid-3-keto-4-methyl"7-methoxy-hydrindenylidene- 

acetic acid, C 13 H 12 O 4 m.p. 218“C (decomp.) and 

(d) a high melting acid of unknown constitution which gives (c) on 

heating with sulphuric acid. 

Treatment of (a) with methyl sulphate gives ( 6 ) which as a jS substi- 
tuted glutaconic acid gives an anhydride m.p. 117'^C, titrating as a mono- 
basic acid, an acidethylester, m.p, 82®C, a semianilide m.p. 146°C, an anil 
m.p. 225°G and other derivatives. 

The constitution of (c) is supported by its formation from ( 6 ) by 
elimination of water, production of the appropriate phthalic anhydride, 
m.p. 186°C on oxidation, formation of a semicarbazone m.p. 252°C and a 
nitrosoderivative m.p. 215®C (decomp.) from the ethyl ester m.p. 158®C. 

175. Flavanes. 

K. S. Nabang and J. N. Ray. 

Chaleones on catalytic reduction are converted into dihydro deriva- 
tives which are transformed to flavanes analogous to catechin. 

176. Attempt to synthesise benzopyrillium salts. 

M. Goswami and A. K. Chakravabti. 

Condensation of coumarin with resorcin with POCI 3 gave a compound 
which from analytical results has been suspected to be a benzopyrillium 
salt and confirmation of the view is being made by preparing it from 
salicylic aldehyde and resacetophenone. 

177. The reaction of pyridine with 1 : 3 dichloro-4 : 6 dini- 

trobenzene. 

H. S. Jois and B. L. Manjxjrath, Bangalore. 

When pyridine is warmed with 1 : 3 diohlor©-4 : 6 dinitrobenzene 
vigorous reaction sets in with evolution of a small amount of hydrochloric 
acid. The resultant mixture was separated into two constituents. One 
of these, a colourless compound (C 16 H 12 O 4 N 4 CI 2 ), is highly soluble in water 
and the chlorine in it is quantitatively precipitated by aqueous silver 
nitrate. To this is assigned the dipyridonium structure. It appears to 
melt at 132°, but changes over at that temperature to the second sub- 
stance gi\dng off HCl. This latter is a halogen free yellow compound 
(decomposes at 180°) and its structure is being investigated. 

178. P-p Diaceto a y dibenzoyl propane. 

A. U. Quereshi and J. N. Ray. 

The above substance and analogous bodies have been synthesised and 
converted into dihydro pyridines. Ketocyclol tautomerism of the above 
has been studied. 

179. Condensation of ethyl aceto-succinate and ethyl formyl- 

succinate with aromatic amines. 

B. B, Dey and A, K. Lakshminarayanan’. 

The condensation has been efiected by four difierent methods, viz., 
(ct) interaction in the cold by leaving the mixture for a week in a desic- 
cator over sulphuric acid, ( 6 ) rapidly heating the mixture to the boiling 
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point and mamtaining at this temperature for a few minutes only (cf. 
Ewins and Kmg, 1913, 104), (c) mixing the components with 

excess of glacial acetic acid and boiling for several hours (cf. H. Lieber- 
mann, Ann., 1914, 404, 272), and {d) mixing the components with a few 
drops of diethyl amine, leaving at the ordinary temperature for 2-3 days, 
and then heating to the boiling point for a few minutes (cf. Gibson, etc., 
J.G.S., 1923, 2247). The following products have been isolated and 
analysed, and their properties studied. (1) aceto-suecinic monanilide, 
OH3.CO.CH. (CONHPh). CH2.COOEt, m.p. 90°, (2) 2-hydroxy -4-methyl- 
qmnoline-3, acetic acid, m.p. 180°, (3) anilino-aceto-auccinic dianilide, 
CH3.C(NH.Ph) : C(CO.NH.Ph).CH2.CO.NH.Ph, m.p. 194°, (4) p-toluidide 
of 2, 6-dimethyl-4, hydroxj^- (or 4, 6-djmethyl-2, hydroxy-) quinoline-3, 
acetic acid, m.p. 268°, (5) jS-anilido-itaconio acid diethyl ester, Ph.NH. 
CH=C(COOEt).CH2.COOEt, m.p. 103°, and (6) jS-p-toluidino-itaconie 
acid diethyl ester, CH3.C6H4.NH.0H=C (CO OEt).CH2.COOEt, m.p. 110°. 


1 80. 4-Metliyl-quinoline- a-pyrone. 

E. N. Sen and G. Mitkhbejee, Calcutta. 

A substituent in the phenol molecule exerts a marked influence on 
coumarin formation by Peehmann’s method (Cf. Clayton, J.Q.S., 190S, 
2016). In order to study the influence of a hetero-ring attached to the 
phenol on coumarin formation, the condensation of 8-oxy-quinoline with 
acetoacetic ester has been investigated, and it is found that S-oxy -quino- 
line like dimethyl-m-amino-phenol {Ber., 1897, 30, 277) condenses with 
acetoacetic ester in absolute alcoholic solution in the presence of zinc 
chloride giving an a-p3rrone derivative in small yield. It dissolves both 
in mineral acids and hot caustic alkalies. It is peculiar that this quino- 
line -a-pyrone exists in two isomeric forms though it has not been possible 
to offer a plausible explanation for this isomerism. 

181. 2': 4' Diacetoxy phenyl 2-inethyl 6:7 methylenedioxy 

8-methoxy 1 : 2 : 3 : 4 tetrahydro isoquinoline and its 
action on uterus excised or in situ. 

B. B. Kochhab and J. K Eay. 

182. Organo-metallic derivatives of quinoline and isoquino- 

Ime. 

E. N. Sen and G- Mttkhebjee, Calcutta. 

Quinoline and isoquinoline derivatives with antimony in the nucleus 
have now been prepared for the first time by Bart’s reaction on 3-, 5-, 6-, 

7- , S-aminoquinolines and 5 (or 8)-anaino-isoquinoline. It has been 
observed that the position of the amino group in the quinoline nucleus is 
of very great consequence : the 6- and 8-amino-quinolines jdeld only 10- 
15% of the stibinic acids, while 26-30% of the stibinic acids are obtained 
from 3-, 5-, and 7- amino-quinolines. The 2- and 4-a min o -quinolines do 
not even respond to diazo reaction. 

It has also been possible to obtain quinoline derivatives with a 
mercury atom in the nucleus by the action of mercuric acetate on 8-oxy- 
quinoline. The fact that 5-bromo-8-oxy-quinoline and 5: 6-dibromo- 

8- oxy-quinoline are mercurated as easily as S-oxy -quinoline shews that 
the mercury atom enters into the ortho position to the hydroxyl group. 

The study of the therapeutic value of these organo-metdlic deriva- 
tives of quinoline and iso-quinoline may lead to interesting results. 
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183. The reaction between phenylhydrazine and quinolinic 

acid. 

A. C. Sircar and P. R. Sen Gupta, Calcutta. 

The action of phenylhydrazine with quinolinic acid has been studied 
and by taking different proportions of the reacting substances and using 
different temperatures, four different products have been obtained. 

184. Anhydro-cotarnine derivatives. 

G, S. Ahluwalia, B. B. Kochhar, and J. N. Ray. 

Cotarnine condenses with phenols in presence of sodium ethoxide. A 
number of these substances are described and a comparative study of 
their action on paramoecia is undertaken. 

185. Antimalarials. Part II. 

G. S. Ahluwalia, B. D. Kochhar, and J. N. Ray. 

A number of cotarnine derivatives have now been synthesised and 
their anti-malarial properties fully investigated. 

186. Synthesis in the phenanthren sub-group of iso-quinoline 

alkaloids. 

K. S. Naraho, G. S. Ahluwalia, and J. N. Ray. 

O-nitroaldehydes have been condensed with isoquolinium metho- 
hydroxides and by Pschorr transformation converted into phenanthren 
derivatives. 

187. Studies in acridine derivatives. 

Pf. N. Seh and S. Roy, Calcutta. 

TMs investigation, deals primarily with the preparation of various 
acridine derivatives by new methods with a view to study the effect of the 
nature and position of different auxochromic groups on the colour and 
fluorescence of acridine dyes. 

The method of Meyer and Gross (Her., 1899, 32, 2356) for the prepara- 
tion of typical acridine dye, benzo-flavine, from m-toluylene diamine and 
benzaldehyde, involves three different operations; but it has been now 
found possible to obtain this dye in a single operation using sulphuric 
acid (d. 1*84) as the condensing agent at the temperature of the boiling 
water bath, the condensation of the aldehyde with the diamine and subse- 
quent acridine ring formation with the elimination of NH 3 and final oxida- 
tion all taking place simultaneously. Different aldehydes (e.g., dimethyl- 
p-amino -benzaldehyde, o- and p-nitro-benzaldehydes anisaldehyde, vani- 
lin, furfuraldehyde, cinnamicaldehyde) have thus been successfully con- 
densed with m-toluylene diamino to produce acridine dyes with different 
substituents in the 5 -phenyl residue. It is interesting to note that pro- 
flavine base is also thus readily obtained from tetra -amino -diphenyl 
methane. 

All known acridine dyes contain the amino group in the para position 
to the central C atom. Acridine dyes with the amino group in the m- 
position to the central C atom and therefore in the para position to the 
N atom have now been prepared for the first time by condensing tetra- 
methyl-p-p-diamino-diphenyl-methane (reduction product of Bindschedler’s 
green) with benzoic acid and p-nitro benzoic acid. 

From a study of the different acridine derivatives it is concluded that 
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the acridine chromophore is really a very weak one and as such colours 
varying from yellow to deep orange can only be exhibited by acridine dyes. 

It is remarkable that tetrazotised pro -flavine and benzoflavine couple 
with * R ’ salt to form dyes substantive to cotton, producing red and 
bluish-red shades respectively. 

188. Studies in heterocyclic compounds. 

A. C. SiBCAR and S. C. Se^?, Calcutta. 

The reaction of o-amino -hydroxy group in 2-hydroxy-3- amino - 
phenazine has been studied and it has been foimd that unlike ortho- 
amino-phenol, the hydroxy amino phenazine is not so well adapted for the 
building of heterocyclic compounds. Evidently the already existing azine 
ring in the phenazine strongly militates against the^ otherwise easy re- 
activity of the orthoamino -hy(b?oxy groups. 

189. The influence of attached rings on the formation of 

heterocyclic compounds. Part I. 

T. N. Ghosh, Bangalore. 

It has already been shown (Jour, Indian Chem, Soc,, 1929, 6, 181) that 
o-phenylenediaryldithiocarbamides are easily converted into thiohep- 
tadiazine derivatives when treated with strong hydrochloric acid, hi 
continuation of the same work, some new substituted dithiocarbamide 
derivatives of ethylene, naphthalene, phenanthrene have been prepared 
and subjected to the action of strong hydrochloric acid with the object of 
examining the effect of one or more benzene rings on their case and 
nature of transformation into cyclic structures. From the results that 
have been obtained, it is concluded that the benzene ring helps the ring- 
formation and that the effect appears to increase with the increase in the 
number of benzene rings. 

190. The influence of attached rings on the formation and 

stability of heterocyclic compounds. Part II. 

T, N. Ghosh, Bangalore. 

In order to confirm further the idea developed in Part I, j5-amino- 
propionic acid has been condensed with various thiocarbimides to yield a 
mixture of a diazine and thiazine derivatives with the elimination of a 
molecule of water. It has already been shown (Jour. Indian CMm. Soc., 
1930, 7, 981) that the condensation of anthraniiic acid with various thio- 
carbimides yields quinazoline derivatives. The evidence which has now 
been obtained from the action of hydrolysing agents on the above diazine 
and quinazoline derivatives points clearly to the well-marked influence of 
the benzene ring in increasing the stability of the heterocyclic systems. 
Similarly the velocity coefi&cients for the hydrolysis of succinimide, isatin, 
etc., on one hand and phthalimide, naphthisatin on the other are being 
studied with a view to obtain further evidence in this connection. 

191. Interaction of dinitro-chlorobenzene with cyanoaceta- 

mide. 

PxTLmBEHABi Das and H. 'K* Seh, Calcutta. 

Dey has found (Private communication) that when 1 mol. of 2-4- 
dinitro chlorobenzene is boiled with an alcoholic suspension of 1 J mol. of 
sodio-cyanacetamide for several hours a compound melting at ISS'^C after 
purification by crystallisation from acetic acid is obtained. It imparts an 
intense blue colouration with minutest quantities of alkali and gives even 
with ordinary distilled water a bluish tint, which disappears on acidification. 
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As such a behaviour appears unlikely from the ordinarily expected 
course of reaction the subject was investigated under different experi- 
mental conditions. For example, sodio-cyanacetamide prepared in abso- 
lute alcoholic suspension was washed thoroughly with ether and benzene 
and subsequently boiled under reflux for ten hours with 2-4-dimtrochIoro- 
benzene in benzene suspension on the water bath. The separated product 
this time, after acidification, could be crystallised from boiling water with 
the help of animal charcoal when a very pale yellowish looking product of 
the composition C6H3(NO2)2CH(CN)C0NH2 melting at On 

hydrolysis with 80 per cent, sulphuric acid, the dinitro -phenylacetic acid 
melting at 188®C was obtained establishing thus the constitution of the 
condensation product. It gives a red colouration with alkalies as distinct 
from the blue colour given by Dey’s compound. On mixing equimolecular 
quantities of our compound and cyanoacetamide and boiling for some 
time the red colouration changes to blue but so far no pure compound has 
been isolated from the reaction product. The conjecture however is that 
Oey’s compound is probably a glutazine of the following composition ; — 
CeHg (N02)2C1+2CN (CHg) OONH2^ 

yCO NH^ 

C6H3(N02)2 -CH CO 

— ch/ 

Ah 

On hydrolysis, the compound yielded a derivative insoluble in alkali 
melting at 221 °C which is under investigation. 

192. Endothio and endo-imino triazoles and thiobiazoles. 

S. L. Janniah and P. C. Gtjha, Bangalore. 

The work reported in the Froc. Ind. Sc. Congress, 1931, Abstract 
No. 165, p. 169, has been extended further and several other isomeric endo- 
compounds in the triazole series have been isolated. 2 : 5-dithiol-l : 3 : 4- 
tMobiazole on being treated with acetic anhydride ^ves an acetyl compound 
which on de-aeetylation gives neither the original dithiolthiobiazole nor any 
isomeric endothio compound as expected from previous experience — but 
2 : 2"-dithiol-dithiobiazole sulphide. Further work in this direction, by 
way of exploiting the possibility of formation of open chain, closed chain 
and bridged sulphides — is being continued with aliphatic and aromatic 
dithiol compounds. 

193. Synthesis of phenylthioxanthenes. 

Gopal V. Nevgi and G. C. Chakbavarti, Bangalore. 

For the preparation of phenylthioxanthenes a more direct method, 
than the condensation of hydroxy benzhydrols with aromatic mercaptans 
(Betrabet and Chakra varti, Froc. Indian Sc. Congress, 1930) in presence of 
zinc chloride, was tried by condensing substituted diphenyl sulphides 
with aromatic aldehydes in presence of concentrated sulphuric acid. The 
products obtained were mostly the expected thioxanthenes and sometimes 
their sulphopic acid derivatives containing one or more sulphonic acid 
groups in the molecules. The yields were fairly good. 

Phenylthioxanthenes were in this way obtained from the following 
sulphides, (1) p-methoxy-p'methyldiphenyl sulphide, (2) m-methoxy-p' 
methyldiphenyl sulphide, (3) p-methoxy phenyl jS-naphthyl sulphide, (4) 
m-methoxy phenyl j8-naphthyl sulphide, and the following aldehydes, 
(1) benzaldehyde, (2) p-nitro-benzaldehyde, (3) m-nitro-benzaldehyde, (4) 
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vanillin, (5) anisaldehyde, etc. The detailed investigation of the proper- 
ties of the compounds obtained is being carried out. It is anticipated 
that the xanthenes derived from the m-methoxy compounds will on 
oxidation first yield the carbinol bases which on hydrolysis will then be 
converted into quinonoid derivatives. 

194. Organo arsenic compotinds 4 

D, N. Mazumdar and P. C. Gijha, Bangalore, 

The work already reported {Proc. Ind. Sc. Congress, Abstracts, 1930, 
1931) has been extended further and a number of aromatic diamines 
like pp-diaminodiphenyl- urea, -oxamide, -malonamide, -suceinamide, -ear- 
bohydrazide, -hydrazodicarbonamide, etc., have been arsenated by difier- 
ent methods. 

195. Preparation of mercury-organic compounds with the 

help of mercuric chloride and sodium bicarbonate in 
presence of glycerol. Part II. 

P. Neogi and M. M, Ghose. 

The method employed by Neogi and Chatterjee for mercuration of 
organic eompoxmds has been extended to thymol, o-, m-, and p- tolui- 
dines, a- and b-naphthol and a- and bmaphthylamines. 

196. Vasicine. 

K, S. Naeaistg, S. Kbishha, T. P. Ghosh, and J. N. Ray. 

New oxidation products and further degradative experiments throw- 
ing light on the constitution are now described. 

197. The alkaloids of kurchi bark (Holarrhena antidysen- 

terica). Part II. 

SxTDHAMOY Ghosh and I. B. Bose, Calcutta. 

In a previous paper (Ghosh and Ghosh, Jowr, Ind, Chem, Soo,, Vol. 
V, p. 477, 1928) it was shown that the kurchi bark contains, besides a 
little conessine, two new alkaloids desi^ated by the authors as kurehine 
and kurchicine, the low-melting alkaloid, kurehine, occurring in largest 
amount. These two new alkaloids have now been further purified and 
properties of the bases and some of their derivatives have been studied. 
Kurehine, which has crystallised in. colourless needles, is shown to have 

the composition C 28 B! 38 N 2 ; ^-P- 75°; (in absolute alcohol), 

-7*57° (in chloroform). The acid oxalate, which crystallises in colourless 
prisms, melts at 221° (whereas that of conessine melts at 280°). The 
hydrochloride, hydrobromide, hydriodide, sulphate, piatinic chloride have 
been crystallised and analysed. 

The second alkaloid kurchicine, which crystallised in colourless need- 
les, is shown to have the composition C 20 H 36 N 2 O ; m,p. 175° ; 
[a]^— 11*44° (in chloroform), -8*45° (in absolute alcohol). The hydro- 
chloride, hydrobromide, oxalate, sulphate, auric chloride and piatinic 
chloride have all been analysed. 

The results confirm that these alkaloids are difierent from conessine 
and holarrhenine isolated from the African holarrhena. 
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198. The chemical examination of the bark of Moringa 
Pterygosperma. 

Stohamoy Ghosh and Ashhtosh Dtttt, Calcutta, 

A preliminary extraction with solvents gave the following extractives : 
petroleum ether 0*71 per cent., sulphuric ether 6*47 percent., chloroform 
0*88 percent, and absolute alcohol 2*17 per cent. The alcoholic extract gave 
strong reactions for alkaloids. An assay of the bark showed the presence 
of 0*105 per cent, of total vegetable bases. For isolation of the bases the 
bark was extracted by cold percolation with rectified spirit, the alcohol 
distilled off and finally concentrated in vacuo. The residue was extracted 
with dilute acid, filtered extract made alkaline and extracted with ether and 
finally with chloroform. The residue from the solvents was dissolved in al- 
cohol, neutralised with HCI and evaporated. The dry residue was extracted 
with hot chloroform. The insoluble portion was repeatedly recrystallised 
from alcohol and the hydrochloride was obtained in colourless glittening 
plates, m.p. 254*2®. The platinic chloride crystallised in yellow rectangu- 
lar plates of m.p. 221®, the picrate crystallised in yellow wooly needles 
m.p. 195°. The free base remained liquid at room temperature and could 
not be crystallised. The hydrochloride of the second base, soluble in hot 
chloroform, has not been obtained crystalline, but it had a strong physiolo- 
gical action. 


199. Some new hydrocupreidine derivatives. Part II. 
Sttdhamoy Ghosh ani N. E. Chattbbjbb, Calcutta. 

In a previous communication {Jov/r, Ind, Ohem. Soc,, 1931, vol. 8, p. 
257) we have described the preparation of some isoalkyl derivatives of 
hydrocupreidine. In the present paper the preparation of some of the 
normal alkyl derivatives of hydrocupreidine is described. They have 
been prepared, as before, by heating potassium hydrocupreidinate in 
absolute alcohol with the alkyl iodide using molecular copper as catalyst. 
The new bases, which crystallised well from acetone, were : — 

(1) Normal propyl hydrocupreidine C22H30O2N2 (m.p. 182°) 

(2) Normal butyl hydrocupreidine C23H32O2N2 (m.p. 176°) 

(3) Normal amyl hydrocupreidine C24H34O2N2 (m.p. 164°) 

(4) Normal heptyl hydrocupreidine C26H38O2N2 (m.p. 158°) 

(5) Normal octyl hydrocupreidine C27H40O2N2 (m.p. 151°) 

The antiseptic and other properties of iso -alkyl derivatives are still 
being studied. The use of any of these derivatives as local anaesthetic, 
bactericide or antiseptic would help to utilise the starting material, 
hydroquinidine, a normal constituent of the cinchona bark, now without 
any use. 


200. Ciiemioal examination of the roots of AristolocMa Indica 
(Lmn.)I 

B. L, MaKjxtnath, Bangalore. 

The roots of AristolocMa Indica enjoy considerable reputation in 
Ayurvedic medicine as remedy for snake-bites, etc. A tincture is also 
used as a bitter tonic. Mention is made in the literature of the occurrence 
of a volatile oil and of an alkaloidal constituent. 

The paper presents the results of a systematic study of the chemical 
constituents. 
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Successive extraction with the Per cent, of 


following solvents 

extract. 

Petroleum ether (b.p. 40—50®) . . 

. . 2*7 

Ethyl ether 

.,0*9 

Chloroform 

. . 1*0 

Ethyl acetate 

. . 0*5 

Ethyl alcohol 

. . 5*1 


Total.. 10*2 

Essential oil content . . 

. , 0*46 


An aqueous extract of the roots gave tests for the presence of starch 
and a small amount of reducing sugars. No tannin material could be 
detected. 

The alkaloidal content was found to vary very greatly in different 
samples. An ether soluble base has been obtained in a pure state and its 
derivatives studied. 


201, Oil from the fruits of Solanum Xanthooarpum. 
Shanti Sheth and B. B. Kanoa. 


The drug belongs to the Natural Order Solanaceae. 

The oil was obtained by extracting the powdered fruits with petroleum 
ether in a Soxhlet apparatus. 


It gives the following analytical data : — 
5p. Gr. at 15®C . . 

Refractive index at 40°C 
Iodine value 
Saponification value 
Reichert Meissl value 
Acid value 


0.9663 

1*4695 

122*08 

184*1 

00*0 

64*75 


Further work on the oil is in progress. 


202. Oil from the seeds of Celastrus peniculatus. 

Shanti Sheth and B, B. Kanga. 

The drug belongs* to the Natural Order Celastrineae. 

The oil was obtained by extracting the powdered seeds with petroleum 
ether in a Soxhlet apparatus. The yield of the oil was found to be 35 to 
40 per cent. It is reddish brown in colour, bitter in taste and having a cha- 
racteristic odour of its own. The oil was also obtained by pressing in the 
country Ghani. Table I. includes analytical data obtained by Solanki, 
Nargund and Hanga and the authors. 
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Tabi-e L 




Shbth and Kanoa. 

SOLANKI, NakGUND 
AND KaNGA.* 



Pet. Ether 
extracted oil. 

Ghani oil. 

Pet. Ether ex- 
tracted oil. 

Sp. Gr. at 15°C 
Befractive index 

at 

0-9670 

0-9705 

0-9666 

40‘’C 


1-4701 

1-4691 

1-4647 

Acid value . . 


23-11 

27-97 

29*67 

Iodine value - . 


105-6 

60-5 

103-01 

Saponification value 


236-3 

239-2 

205-82 

Beichert Meissl value 


33-63 

14-76 

26-64 

Unsaponifiable matter 


.... 

.... 

8-365 

Yield of the oil 

• • 

35—40% 

.... 

40--45% 


* Proc. Ind. Se. Congress, 1928. 


Table II. gives constants for the mixed fatty acids. 

Table II, 



Pot. Ether 
extracted oil. 

Ghani oil. 

Neutralisation value 

124-68 

169-6 

Mol. weight (M.W.) . . . . I 

320-8 

236-8 

Iodine value 

362-6 

60-6 

Titre test . . 

36-6'’C 

22-0®C 

Befractive Index n^ at 40°C 

1-4607 

1-4473 


Table III. gives constants for the saturated and unsaturated acids 
obtained from the mixed fatty acids from Ghani oil. 

Table III, 



Saturated acids. 

XJnsaturated acids. 

Molecular weight . . . . 

252-04 

280-7 

Iodine value 

1-95 1 

77-2 

Titre test . . 

46-0°C 


Befractive Index n^j 

1-4328 at 60°C 

1-4479 at 40°C 


Further work on the oil is in progress. 
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203. Oil from Hibiscus cannabinis seeds. 

S. Y. Kolhatkab. 

The following are the constants of the oil which is contsiined to the ex- 
tent of 18*10 per cent, in the. seeds. 

Sp. gr. 0*9232; refractive index: 1*45916; acid value: 0*89; iodine 
value: 98*73; saponification value: 199*1; R.P. value: 0*20; Polenski 
value: 0*05; unsaponifiable matter : 1*04; acetyl value : 19*2; unsaturated 
acids : 76*66 per cent. ; saturated acids : 23*34 per cen1>. 

204. Oil from Tribulus Terristris fruits. 

S. Y. Kobhatkab. 

The following are the constants of the oil. 

Sp. gr. : 0*9241; refractive index: 1*46428; acid value: 1*32; iodine 
value: 141*05 (semi-drying oil) ; saponification value : 206*25; R.P. value: 
0*26; Polenski value: 0*09; unsaponifiable matter: 1*2623 per cent.; 
acetyl value : 16*01 ; imsaturated acids : 86*60 per cent. ; saturated acids; 
12*40 per cent. 

205. Investigations on the seeds of Carica-papaya. 

N. Desikachab and V. Sampat Iyengab, Bangalore. 

The seeds of Garicchpapaya are used in medicine for various purposes. 
The present investigation forms a systematic chemical and biochemical 
analyses of the whole seed. 

Successive extraction with the following solvents gave 
Petroleum ether (40-50 B.P.)=32*6 % 

Chloroform = 0*62% 

Alcohol = 0*86% 

^ The petroleum ether extract gave a light yellowish green coloured oil 
which has the following constants ; — 

Sp. gravity {25°C.) = 0*88 

Refractive index (26°C.) = 1*458 

Iodine value (Hubles) =304*0 
Saponification value (1 hr.) =234*7 
Pree acids = 2*86 

Detailed investigations are being carried out on the oil. The alcoholic 
extract gave tests for reducing and non-reducing sugcus. Staxdh "wae 
absent in the alcohol extracted residue. 

The seeds were further tested for the presence of different enzymes. 
The presence of amylase and lipase was distinctly ^own, while tracer of 
oxidase, peroxidase and catalase appeared to be present. 

' Further investigations on the presence of the above enzymes and 
proteases in germinated seeds are in hand. 

206. Calamus. 

N. C. Kblbab and B. Sajtjiva Rao, Bangalore. 

The oil obtained by distillation of the Indian root contains asarone 
(81 per cent.) terpenes (0*5 per cent.). 

207. Study of tar from Cashew nut, 

Y. K. Ragbtotatha Rao. 

The properties of tar from Cashew nnt (Ancwjardium Occidentale) 
have been studied. The tar yields 35 per cent, distillate, a light yellow oil 
(B. P.200 — 300®C at atmospheric pressure) and density 0*89 at 26°C. 
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Condensations of the distillate and of the tar with formaldehyde, 
acids, alkalies and oxidizing agents give light coloured or dark resins suit- 
able for quick drying varnishes, impregnations and mouldings. 

208. Studies in fish oils, Part I — Investigation of the factors 

involved in the technical preparation and storage of 
medicinal cod liver oil with respect to its vitamin 
potency. 

K. D. Guha, Bangalore. 

Different batches of selected livers were ‘cooked* in a small boiler 
(practically designed on the model of those used in the industry itself) 
with direct steam imder different pressure to prepare the oil and the 
quality of the samples studied in relation to the conditions of livers, steam 
pressure, storage, refining, etc. An attempt has also been made to define 
the dietetic standard of cod-liver and certain other fish-liver oils. 

209. The growth promoting factors in Indian dairy products. 
N. C. Datta and B. N. Banerjee, Bangalore. 

Very little is known regarding the growth promoting factors of 
Indian cow milk and its different products. Feeding experiment with 
Albino rats were used in determining the growth promoting factor. 

The milk of a Scindi cow (yielding 17 lbs. of milk daily) kept at 
the Imperial Institute of Dairy and Animal Husbandry were used. The 
cow was on standard ration throughout the experiment. Butter and 
ghee were prepared from the milk of the same sample. By studying the 
growth of Albino rats with fresh milk and its products as a supplement to 
the basal diet, it was found that fresh milk was the best source of growth 
promoting factor. Milk sterilized at (15 lbs. for 15 mins.) suffered slight 
loss of this factor. The potency of butter and remelted butter were 
much less— nearly half that of fresh milk. Remelted butter (ghee) was 
found to be as good as butter. 

The effect of cold storage on butter and ghee and further work on 
this line is in hand. 

210. Stick-lacs : their composition and physical properties. 

M. Venxjgopalak and S. RAHaAisrATHAir. 

Stick-lacs of known origin have been collected from various parts 
of India, cleaned under the same conditions and the washed products 
analysed into wax, ether-soluble resin and alcohol-soluble resin. Soften- 
ing and melting points, acid and iodine values were determined. Thin 
films prepared from these lacs have been tested for abrasion resistance 
and scratch hardness. On the strength of the above data certain ten- 
tative conclusions have been drawn as to their specific characteristics, 
in composition and physical properties, with a view to their classification 
on scientific lines. 

211. Examination of some Calcutta pulses. 

N. C. Nag and H. N. Banebjee. 

In a previous communication published in the Froc. Sixteenth Ind. 
Sc, Gongressy composition of some common pulses was dealt with. 
That work has been further extended. In addition, the oils have been 
analysed, and different constituents determined. The usual constants 
such as iodine value, saponification number etc., have been dealt with. 
Of particular interest have been the absorption photo-spectrographs 
(visible range about 7,200 to 4,000 A. units) obtained in various solvents. 
Carotinoid pigments have been detected particularly in the unsaponi- 
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fiable portion of the oils. Their connection with vitamines are being 
examined. Fuller details will be published later on. An abstract of 
results of chemical analysis in one particular case, viz,, Cicer arietinum — 
chhola, is given below : — 

Percentage of oil— 4*2% ; Iodine value — 130 (Hanus method) 

Fatty acids in oil— 90% ; Iodine value— 140 „ 

Unsaponifiable matter in oil— 1*5%, identified as Phytosterol, melt- 
ing point 137°C. 

Unsaturated liquid acid (Twitchel) — 90% ; Iodine value — 145 (Hanus; 

Solid acid „ — 10% ; Iodine value — 30 ,, 

Separation of the constituents in the Squid unsaturated acid mix- 
ture was effected by preparing their bromo-derivatives and identified 
by estimation of bromine content as also the melting points of the 
derivatives. 

Oleic acid — 38*41%; Linolic acid — ^59.36% ; Linolenic acid — 2*23%. 

212. The Chemistry of some west coast fish oils. 

P. Ramaswami Ayyae, Bangalore. 

A preliminary study of Mangalore ‘Sardine’ oil has been made 
and similar work on Embryonic ‘ Dog-Fish ’ liver oil and ‘ Shark ’ liver oil 
from Vaikom is in progress. 

213. Sweating of soaps. 

M. Goswami and K, L. Boss. 

Anhydrous and hydrated soaps of lauric, myristic, palmitic, stearic 
and oleic acids have been examined individually and severally in propor- 
tions in which they are approximately present in commercial soap, as 
regards the absorption of moisture under standard conditions with and 
without inhibiting reagents. 

214. Electrometric determination of the acid value and 

saponification value of resins. 

N. Narasimha Muety. 

A potentiometric method involving the use of quinhydrone electrode 
has been evolved for the determination of the acid value and saponi- 
fication value of resins. 95 per cent, alcohol is used as the solvent ; and, 
for reference electrode, a saturated solution of lithium chloride in 95 
per cent, alcohol with quinhydrone electrode is used. The acid value and 
saponification value of shellac, seed lac, wax -free lac, bleached lac, ether- 
soluble lac, ether-insoluble lac, rosin, pontinac, and sandarac have been 
determined by the new method. Stemdardisation of the alcoholic potash 
with alcoholic solution of benzoic acid is recommended instead of with 
the aqueous solution which gives higher value for the normality. On 
account of the obvious advantage which the quinhydrone electrode has 
over the hydrogen electrode, the method can be adopted in all industrial 
laboratories for the determination of acid value and saponification value 
of resins. 

215. Studies in fish oils. Part II — A comparative study of 

the chemical composition of different kinds of marine 
and fresh-water fish oils in relation to their medicinal 
value. 

K. D. Gttha, Bangalore. 

A quantitative method has been developed to determine percentage 
composition of the most complex mixture of fatty acids occurring in 
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fish oils. The liver oils of cod, hake, dog-fish, etc., and the body oil of the 
Indian sardine together with that of the sweet-water fishes, namely, 
ruhit, dhain, hilish, mrigel, etc., from Bengal have been investigated. 


216. I^Lvestigation of the oil of Clupea ilsha. 

M. Goswami and Jagadakaitda Datta. 

The oil was rendered very easily from the fish which is abundantly 
found in Bengal and detailed examinations as regards the qualitative and 
quantitative values, constituents and Hilditch’s ratio, etc., have been 
done. 


217. Estimation of ^-morphine in commercial morphine. 

G. S. Ahlttwalia and J. N. Ray. 

A quantitative method has been worked out for the above estimation 
based, on the insolubility of morphine sulphate in dilute alcohol. 


218. Merouration of compounds containing a reactive methy- 
lene ( - CHa- ) group. 

K. G. Natk and R. P. Patel, Baroda. 

Mercuric acetate was employed to mercurate the following substan- 
ces:— (1) acetoacetanilide, <2) acetoacet-o-toluidide, (3) acetoaoet-p-tolui- 
dide, (4) acetoaeet-m-toluidide, (5) acetoacet-a-napthylamide, (6) acetoa- 
cet-j8-napthylamide, (7) acetoaoet-1 : 3 i 4-xylidide, <8) acetoaoet-1 : 4 1 6- 
xylidide, (8) acetoacetic ester, (10) acetoacet-m-nitranilide, (11) ethyl 
maJonate, (12) malon-mono-phenylamide, (13) malon mono-p-toloidide, 
(14) malon mono-p-toluidide, (16) malon mono«m-toluidide, (16) malon 
mono-a-napthylamide, (17) miilon mono-jS-napthylamide, (18) malon mono- 
1 ; 3 ; 4-xylldide, (19) malon mono-1 : 4 : 6-xylidide and (20) malonamide. 
Compounds of the following two types were obtained. Whereas com- 
pounds 1-11 reacted with mercuric acetate in methyl alcohol giving 
diacetoxy-mercury derivatives of the formula (I) 

CH^COOHg CO- H2SO4 /CO' 

C > S 04 <^ /C 

CH3COOHg^ '^CO- Hg CO- 

(I) 

compounds 12 to 20 reacted under similar conditions giving compounds of 
the constitution (II) : — 

GHjCOOHg^ ^ CO- H2SO4 -OC^ /HgOH HOHg ^CO- 

^ CO- -OC^ ''Hg — SO^-Hg^ ^CO- 

(li) 

Compounds of type I gave sulphatomercury derivatives ; while those of 
the type II gave hydroxysuphatomercury derivatives as shown above. 
Action of potassium iodide and sodium hydroxide supported the above 
constitution. From the action of dilute hydrochloric acid, hydrogen 
sulphide and potassium iodide, it appears that the linkage between the 
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carbon atom of the reactive methylene group and mercury, is a very weak 
one as is expected from compounds containing a mercury attached to a 
carbon atom in a position alpha to a carbonyl group. 


219. Interaction of mercuric chloride with substances con- 
* taining a reactive methylene group. 

K. G. JSTaik and it. P. Patel, Baroda. 

In previous work 1930, 7, 655) it was shown that equi- 

moiecular quantities of mercuric chloride and sodium bicarbonate react in 
the cold with compounds containing a reactive methylene group, giving 
dichloro derivatives. However, during the course of the reaction des* 
cribed here, sodium bicarbonate was taken in excess and the mixture 
heated, expecting that the hydrolysis would proceed to completion and 
the nascent mercuric oxide formed during the course of reaction, would 
react giving compounds with C : Hg linkage. The action of mercuric 
chloride has been studied with the following substances : — (1) malon mono- 
phenylamide, (2) malon mono-o-toluidide, (3) malon mono-m-toluidide, 
(4) malon mono-p-toluidide, (5) malon mono-amapthylamide, (6) malon 
mono-jS-napthylamide, (7) malon mono-1 : 3 : 4-xylidide, (8) malonamide, 
(9) ethylacetoacetate, (10) acetoacetanilide, (11) acetoacet-p-toluidide, 
(12) acetoacet-o-tolui^de, (13) ethyl malonate. Compounds of the fol- 
lowing constitution were obtained : — 



These compoimds decomposed on treatment with dilute hydrochloric 
acid, hydrogen sulphide, potassium iodide and phenyl-hydrazine. These 
reactions indicate a weak carbon-mercury linkage as is always found, when 
the mercury atom is attached to a carbon atom, in a position alpha to a 
carbonyl group. 


220 . Interaction of thionyl chloride in boiling benzene, with 
substances containing a reactive methylene ( — CH 2 — ) 
group. 

K. G. Naik and V. B. Thosar, Baroda. 

In continuation of previous work {JJ.C.S., 1930, 7, 137, 145) the 
action of thionyl chloride in boiling honzme was further studied with the 
following compounds. 

(1) Acetoacet-anilide, (2) acetoacet-o-toluidide, (3) acetoacet-m- 
toluidide, (4) acetoacet-p-toluidide, (5) acetoacet-oc-napthyl amide, 
(6) acetoacet-jS-napthyl amide, (7) acetoacet-xylidide (1 : 3 ; 4), (8) ace- 
toacet-xylidide (1:4:5), (9) acetone-dicarboxy-anUide, (10) acetone- 
dicarboxy-o-toluidide, (11) acetone-dicarboxy-p-toluidide, (12) acetone- 
dicarboxy-a-napthyl amide, (13) acetone-dicarboxy-^-napthyl amide. 

Amides (1) to (8) gave rise to sulphoxides of the general constitution. 


CH 3 CO 


S : 0 


RNH.CO 
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whereas amides (9) to (13) gave sulphoxides of the type 

RNH.CO 


CO 


RNH*CO 

As compared with the sulphoxides obtained from substituted amides 
of malonic acid these were stable in boiling benzene with excess of thionyl 
chloride or dry hydrochloric acid gas and towards moisture, inasmuch 
as they were neither degraded into sulphides nor decomposed by such 
treatment. 

The results of the present investigations afford a clear evidence that 
the reactivity of thionyl chloride with compounds containing a reactive 
methylene (--CH 2 — ) group depends largely upon the electronegative 
character of the attached grouping. 



221. Interaction of tMonyl chloride in the cold with sub- 
stances containing a reactive methylene (-CHg— ) 
group. 


K. G. Naik and V. B. Thosab, Baroda. 

From literature it is evident that the course of reaction followed by 
thionyl chloride is entirely guided by the conditions of the experiments. 
Hence it thought interesting to examine the course of reaction fol- 
lowed by thionyl chloride when it reacts with substances containing a re- 
active methylene (— CHa— ) group in cold ethereal solution, although a 
similar reaction in hoUinghenzene solution had resulted in the formation of 
sulphoxides. The following compounds were investigated. 

(1) Acetoaeet-anilide, (2) acetoacet-o-toluidide, (3) acetoacet-m- 
toluidide, (4) acetoacet-p-toluidide, (5) acetoacet-]3-napthyl amide, (6) ace- 
toacet-xylidide (1 :3 :4), (7) malon-di-n-prOpyl amide, (8) malon- di-iso- 
butyl amide, (9) ethylmalon-o-tolyl amate, (10) ethyhnalon-p-tolyl amate, 
(11) ethylmalon-^-napthyl amate, (12) ethylmalon-xylil amate (1 :3;4),. 
(13) ethylmalon-xylil amate (1:4: 5). 

Compounds (1) to (8) gave compounds of the constitution, 


R*C0 


:CH^ 


>Hc; 


RNH.CO 

while the amates (9) to (13) gave sulphides of the formula 


CO 

CO.NHR 


SlC 



COOC2H5 



CO.NHR 


^ All these compounds are white ciystalline products, quite analogous 
^ sulphide of acetoacetic ester described by Michselis 
and Phihps (Her., 569). 
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A . Eeview of Cytological Studies in Glandular 
Secretion. 

Broadly speaking, the problem of secretion implies a 
group of phenomena in which materials of many kinds are 
elaborated in the cytoplasm, either to be returned to the 
cell-system, or to be extruded as a part of some secretion. 
Eanvier and Bowen preferred to restrict the term * Secretion ' 
to the process of intra-eellular synthesis and the term ‘ Excre- 
tion ’ to the process of extrusion or the emptying of a gland- 
cell. Johannes Muller pointed out that the whole process 
of secretion consisted of tw'o phases — the production of cer- 
tain materials, and the easting out of these materials upon 
a surface either in the interior or upon the exterior of the 
body. The first phase he called ' Secretion \ and the second 
' Excretion This distinction, however, is not quite in ac- 
cord with the terminology maintained by physiologists. For 
all practical purposes, it will serve the purpose of cytologists. 

The production of fluid or semifluid substances, in con- 
nection with definite, glandular organs, has long been known 
and during the 18th century serious attempts were made to 
harmonise glandular phenomena with anatomical knowledge. 
With the emergence of the Cell-theory immediate efforts were 
made to reduce glandular structure to a cellular basis. To 
Theophile de Bordeu of Paris (1749), we are indebted for his 
having given us the ‘idea of a glandular secretion into the 
blood system. That differences in the contents of gland- 
cells correspond to differences in the excretion products of 
glands was suggested by Henle in 1841, and the first clear 
proof that gland cells actually contain part of the excreted 
material was supplied by Goodsir in 1844, in the case of the 
ink of Cuttle fish. To Berthold (1849), belongs the honour 
of being the first experimental demonstrator who proved the 
reality of a gland with a true internal secretion and the power 
it exercised through the blood upon the entire organism. 
That the sebacious glands become laden with fatty secretory 
products which are lost at the time of excretion was des- 
cribed by Kolliker in 1860. To Claude Bernard (1855), we 
are indebted *for having coined the terms ‘Internal Secre- 
tion ’ and ‘ External Secretion 

According to Swale Vincent, the process of internal secre- 
tion consists in the preparation and setting free of certain 
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substances of physiological utility (the raw materials for which 
are supplied by the circulatory system), by certain cells of a 
glandular type; the substances set free are not passed out on 
to a free surface but into the blood stream. According to 
Schafer the term internally secreting or endocrine organ im- 
plies a structure which is known to form some specific chem- 
ical substance wuthin its cells and to pass this directly or 
indirectly into the blood stream. It became clear after long 
controversy that gland-cells may evacuate their secreted con- 
tents in several different ways. Eanvier describes two ex- 
treme types of behaviour — ‘Holocrine’ and 'Merocrine’. 
The simplest type is the holocrine gland, which has as a 
product the cells themselves with all their enclosed secre- 
tion. Such are, e.g., the sebacious glands of mammals, and 
avian oil-glands. In merocrine glands, on the other hand, 
the secretory products are released from the individual cells 
which themselves are left to repeat the process. According 
to E. Heidenhain (1868), all gland-cells would in the final 
analysis belong to the holocrine type. He held the view that 
gland-cells become filled with secreted material which is 
discharged together with the cell when the gland becomes 
active so that cell and secretion form the substratum of the 
glandular discharge. Pfluger (1866), on the other hand, held 
that the gland-cell produced secretions from which it freed 
itself at stated moments, returning then to its primitive con- 
dition to repeat the cycle of storage and discharge. In the 
controversy over this subject, Zoologists like Lavdovskey 
(1877), Yan Gehuchten (1890), Galeotti (1895), Krause (1895), 
Kolossow (1898), and Oppel (1900) took part. It had finally 
to be admitted that the actual length of life of a given cell 
and the exact method of replacement are phenomena 
still imperfectly understood. Thus, our modern ideas re- 
garding gland-cell gradually took shape. There is no doubt 
now that the gland-cell is in reality a secretory cell. In each 
and every case of secretory activity there is deposited in the 
cytoplasm of the gland- cell, a characteristic secretion-material, 
although the excretory process may be either of holocrine or 
merocMne type. 

The real nature of secretion-process was first clearly elu- 
cidated by Altmann (1894), who proved the occurrence in 
the cytoplasm of discrete granules (or vacuoles) as a result 
of secretory activity. The morphology of the granules which 
are the essential products of secretion have been studied only 
lately and the literature has grown side by side with the ad- 
vance made in our knowledge of cytoplasmic inclusions in 
cells. Bensley (1910), advanced the ‘ Vacuole ’ hypothesis 
of the Golgi Apparatus which according to Gatenby has prior- 
ity over the same Guilliermond-Mangenot-Parat hypothesis. 
The Bensley prozymogen granule (vacuome) theory of pan- 
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creatio secretion proposed that zymogen granules are formed 
in vacuoles which appear in a definite region of the cell which 
stain in neutral red, and which come and go according to the 
state of secretory activity of the cell. Gatenby thinks that 
modern interpretations practically all now turn to the idea 
that in many cells zymogen appears as spaces or granules 
which are stained by neutral red and which are in many cases 
embraced by fragments of Golgi substance. The structure 
91 each secretory droplet has been studied and interpreted 
•^by Benant (1911), Bowen (1926), and Parat (1928), in the 
following manner: — vacuole first arises as a watery droplet 
separated from the rest of the cell-substance by a limiting 
surface-membrane of some kind. Across this membrane 
pass secretory materials which have been elaborated by cellular 
activity. Gradually these become concentrated within the 
vacuole and are finally deposited in the form of familiar 
‘ Segregation granules 

In regard to the physiological interpretation of the origin 
of secretions, two views have been advanced. According to 
one view, derived from Claude Bernard’s theory of vital 
activity, the secretory droplets arise by a process of direct 
chemical transformation occurring in protoplasm. Accord- 
ing to the other view, advanced by Pfiuger, the gland-cell 
builds secretory materials through special synthetic activity 
and is then capable of getting rid of these products whenever 
necessary. As appears now, this is the only view in harmony 
with the morphological findings. The secretory activity of a 
gland is directly linked with activities of the cells themselves. 
In the begmning the cytoplasm of a gland-cell presents an 
appearance which is quite free from secretion droplets. These 
latter soon appear in characteristic ways in different glands 
and increasing in number and size give to each gland-eeU its 
characteristic histological appearance. Finally, in the case 
of holocrine glands, the cell gorged with secretion is extruded 
bodily while in the ease of merocrine glands its secreted con- 
tents are either partially or wholly expelled. 

Begarding the origin of secretion droplets, divergent 
views have been expressed since Virchow and Heidenhain’s 
time in 1875. Scores of conflicting cytological explanations 
of secretory synthesis have been advanced. A few of the 
most important ones may be mentioned here. 

The part played by Nucleus in secretion A 

While some are disposed to think that the nuclear changes 
in size and position are circumstantial evidence of the part 
played by nucleus in secretion, others, notably Nussbaum 

^ I am indebted to Bowen^s series of papers for much valuable in- 
formation that is incorporated in this paper. 
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held the view that these changes are brought about primarily 
bv the compression of the nucleus due to accumulating secre- 
tory granules. In other words, the changes in appearance are 
more of mechanical origin and do not give an exact idea ol 
the function of the nucleus in a gland-cell. In Invertebrate 
gland- cells the nuclear behaviour is often very remarkable 
particularly with respect to the shape of the nucleus and the 
power of stainability. In the spinning glands of insects, the 
nuclei are at first ovoidal, but subsequently become extra- 
ordinarily branched so that each extends itself throughout the 
cell. However, beyond the fact that the nucleus varies in 
size, being smaller in cells gorged with secretion, conspicuous 
differences in volume are very unusual. So far as Vertebrate 
tissues are concerned, the argument in favour of a direct syn- 
thesis is not particularly convincing. Among Invertebrates, 
superficially, the facts lead us to believe that nucleus and 
cytoplasm may in some way co-operate in secretory synthe- 
sis. 

The origin of secretory droplets from the nucleus has 
been occasionally described. Galeotti (1895 and 1897) men- 
tions the migration of small granules from the nucleus to the 
cytoplasm in various amphibian glands. Dehorne and Hosse- 
let (1928), described ‘ nucleo-rouge ' bodies which emerge from 
the nucleus in silk glands and are said to give rise to chond- 
riosomes. The nucleolar component which is generally said 
to give rise to the materials of secretion is the true nucleoulus 
or plasmosome, of which one or more may occur in the nuclei 
of gland-cells. Ogata (1883) was the first to describe the 
emergence of the nucleoulus in pancreas cell. His work has 
been followed by those of others on more or less the same 
lines; e.g., Maziarski (1911), Nakahara (1917), Saguchi (1920), 
Noel and Paillot (1927). Definite conclusions as to the part 
played by the nucleus in glandular secretion are rendered 
doubtful by the fact that satisfactory accounts of the extrusion 
of nucleolar material through the nuclear membrane and their 
ultimate fate in the cytoplasm are not yet forthcoming. It 
has also been suggested that there is a possibility that the 
secretory granules may be given out by nuclear reticulum. 
Goldschmidt’s chromidial hypothesis (1905) has been respons- 
ible for most of the work in this direction. This hypothesis 
has been examined, among others, by Xulmatycki (1922), who 
has come to the conclusion that chromidia are deformed mito- 
chondria and are not derived from nucleolar extrusions. 
Jorgensen (1913), has likewise denied the extrusion of formed 
chromidia, and concludes that there is little evidence of the 
nucleus playing any definite part in secretory synthesis. 
Bowen (1929) thinks that the extrusion of nucleolar matter 
may be an established fact in gland-cells but it does not in 
any way throw new light on nucleo- cytoplasmic interchanges 
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or secretory activity. Thus a number of authors while ad- 
mitting the validity of nucleolar extrusions, have denied that 
the material thus transferred to the cytoplasm has any visi- 
ble connection with secretion. On the contrary, the extruded 
nucleoli seem to break up and are in many cases lost in the 
general cytoplasm. In the end the argument in favour of 
nuclear participation in secretion falls back upon indirect 
evidence such as that advanced by Korschelt in 1889. In 
general, the opinions held do not warrant a belief that nucleus 
is the immediate source of secretions. 


The part played hy Cytoplasm in secretion. 

According to Altmann (1894) a secretory droplet arises by 
the mere growth of a granule or bioplast, which eventually 
achieves the transformation chemically necessary for a parti- 
cular secretion. This view has been developed by M. 
Heidenhain (1907), who derives secretory granules directly from 
the ultimate submicroscopic, living particles or ‘ protomeres ’ 
out of which he considers protoplasm to be constructed. The 
* ergastoplasm ’ of certain earlier workers may be defined 
as a substance of basophilic nature situated close to the 
base of a gland-cell and connected in some way or other with 
the elaboration of secretory products. The development of chon- 
driosome theory dealt the idea of ergastoplasm a very serious 
blow and it was suggested by several workers that the ergasto- 
plasm meant nothing but poorly fixed chondriosomes. 

In accordance with Meves’ theory, it was expected that 
chondriosomes would yield secretory granules. As a matter 
of fact, the granules and " vegetative fibres ’ from which 
Altmann had derived secretory granules, were actually proved 
to be chondriosomes. According to one view [Schultze (1911), 
and Arnold (1912)] the chondriosomes in gland-cells were be- 
lieved to fragment and the granules thus derived underwent 
metamorphosis into definitive secretory droplets. According 
to the second view (Begaud, 1909-1911), the chondriosomes 
themselves do not become secretory granules but act merely 
as selecting bodies or plasts in or on which the secretory mate- 
rials are deposited. According to the third view (Saguchi- 
1920, Kull-1925, Morelle-1927, Tschassovmikow-1927, Urasov- 
1928), the chondriosomes fragment, the granules thus formed 
are subsequently modified by some action of the Golgi ap- 
paratus, ultimately giviug rise to secretory droplets. Morelle 
(1925) advances a peculiar conception that in pancreatic cells 
the Golgi apparatus is in reality a unique substance forming 
in the protoplasm a sort of * tache homogene ’ or the ‘ secre- 
togenous area ’ of Saguchi. The chondriocontes penetrate this 
area and furnish the material for the production of granules. 



254 


Section IV, Zoology, 


( 6 ) 


Saguchi, however, denies the existence of filament ar chondrio- 
somes in this area. The whole problem has been reviewed ex- 
tensively by Duesburg (1912), and Cowdry (1918). The latest 
works of Bowen (1926), Jacobs (1928), and Parat (1928), make 
it increasingly clear that the part the chondriosomes may play 
in secretory synthesis can only be largely invisible and in- 
direct. At present there is no proof that chondriosomes play 
any direct part in secretion. 

The possibility that the Golgi apparatus might play some 
part in secretion has been suggested from the very beginning 
of serious study of this structure. Holmgren (1902), and 
Prenant (1905) first initiated the idea, though vaguely. The 
recent development of the subject is due to improvements in 
osmic techniques which ofier a simultaneous and. almost per- 
fect demonstration of the Golgi material itself and the secre- 
tory products. Such preparations of vertebrate gland-cells 
were obtained by Nassonov, whose contribution in 1923, fore- 
shadowed by the works of Deineka and Kolatchev in 1916, 
marks the beginning of recent views on the subject. 

In animal cells, the Golgi apparatus occurs in the cyto- 
plasm of gland-ceUs in two morphologically difierent forms. 
In one case, the material forms a unit structure of tangled 
meshwork. In the other case, the Golgi material lies in the 
form of discrete pieces or " bodies There are many inter- 
vening grades between these two extreme types. The point 
to bear in mind is, that the mere morphology of the Golgi 
apparatus is of no consequence, it is the substance itself on 
which there has been a difference of opinion. As a rule, the 
Golgi apparatus in gland-cells presents a rather marked 
polarisation. It is concentrated in the zone between the 
nucleus and the surface of the cell where the secretory pro- 
ducts are extruded. In the earlier phases of secretory cycle, 
the secretory granules lie within the Golgi network area, where 
they are easily distinguishable as yellowish spheres or as red 
granules after staining wifeh acid fuchsia. Pari passu with 
the production of granules the Golgi area becomes filled with 
secretory materials. Eventually, the granules move away and 
collect in the area of the cell next to the glandular lumen. This 
fact points to the idea that a very close topographical relation- 
ship exists between the Golgi material on one hand and the 
secretory products on the other. Ludford considers it possible 
that droplets of secretion may be formed within the substances 
of the Golgi apparatus, or that osmophil fragments may be 
broken off from the apparatus, and that these then may be- 
come converted mto the granules, which are then discharged 
as droplets of secretion. Certain important points as em- 
phasised by Bowen may now be mentioned. In the first 
place, during the secretory cycle the Golgi apparatus un- 
dergoes a marked hypertrophy. In the second place, it is 
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indirectly significant that the Golgi material itself is not 
visibly used up during secretory activity; in other words, it 
does not itself seem to be transformed into secretory ^anules. 
In the third place, with respect to the ultimate origin of the 
secretory droplets there are several possibilities. Por ex- 
ample, the original granules might be derived from the frag- 
mentation products of mitochondria or from some ultimate 
protoplasmic particles. This material is supposed to be 
worked upon by the Golgi apparatus. Bowen has come to 
the conclusion that the weight of evidence is in favour of 
viewing the earliest secretory vacuoles as structures not to 
be traced to any direct morphological relation with cellular 
structures previously present in the cell. 

The general topographical relationship of Golgi apparatus 
with secretory granules having been established, the prob- 
lem resolves itself into finding the exact relation of indivi- 
dual secretory granules to the Golgi bodies. Morphological 
appearances suggest that the secretory vacuoles arise de novo 
within or on the surface of Golgi material and remain in 
close relationship with the Golgi apparatus during their de- 
velopment, Ludford (1925), in the sebaceous glands of mouse, 
and Bowen (1926), in the oil-gland of fowl, observed that the 
fragments of the Golgi apparatus are characteristically asso- 
ciated with individual secretory droplets. In these cases each 
granule appears to be associated with a small piece of Golgi 
material. 

The recent works of Benoit (1926), Hirschler and Hirsch- 
lerowa (1928), and Parat and his colleagues (1928), have 
shed further light upon the problem of secretory beginnings. 
Parat demonstrated stages in secretory synthesis by intra- 
vital methods. By means of neutral red technique he brought 
the smallest droplets or vacuoles clearly into view and 
studied the whole story of their transformation into secretory 
droplets. It became clear that the vacuoles arise in the Golgi 
area probably through its activity and thus furnish a constant 
supply of new secretory vacuoles. These earliest stages of 
secretory synthesis constitute the * vacuome * of Parat. 
Within each vacuole appears the segregation granule which 
does not usually take the neutral red stain but can be demon- 
strated after fixation by acid fuchsia. As the secretory drop- 
let grows in size its capacity for taking in the neutral red 
staia gradually disappears because the segregation granule 
fills up the entire space. The nature of the physiological re- 
lation existing between the Golgi material on one hand and 
the contents of a secretory vacuole on the other, still remains 
a problem on which no direct evidence is yet forthcoming. 

The conclusion, generally arrived at, is that the imme- 
diate source of secretory synthesis lies in the area occupied by 
the Golgi apparatus and from this point of view the Golgi 
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apparatus may be said to manufacture the secretory droplets. 
The majority of workej’s on gland-cells like Nassonov, Bowen, 
Gatenby, Ludford, ITirschler, etc., support this view whereas 
Benoit," Parat (in certain respects), Beams, and Wu find this 
conclusion untenable. Kopseh and Urasov, on the other 
hand, find evidence still inconclusive. The subject, there- 
fore, still affords a valuable field for further investigations, 
and I doubt not that workers in India will tackle this problem 
in the near future. 
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1. On the nature and identification of some small 
Trichomonads from the intestine of Termites hitherto 
related to the so-called Trimitus stages of Duboscq 
and Grass4. 

I. Froilano de Mello, Nova Goa. 

Small flagellates found in termites by Duboscq and Grass6 and 
described by these authors as Trimitus forms, which they consider as 
evolutive stages of Devescotina, Janickiella and Trichomonas have been 
studied by Kirby Jr. as belonging to a new genus Tricercomitus, the hypo- 
thesis of the French authors concerning this so-called evolution having 
been rejected by Kirby. In the intestine of the Indian termite Co'ptotermes 
lieimi Wasm, there is a rich fauna of Detescomna, Colonympha and 
these so-called Trimitus forms. The author studies such forms in detail, 
identifies them to the genus Tricercomitus, species diver gens Kirby Jr. 
and rejects also the hypothesis of such flagellates belonging to the evolu- 
tion of the genus Devescovina, 


2. On a collection of sponges from Karachi. 

Anand Kumar and Sukh Dyal. 

A large collection of sponges was made some time ago by us and 
our research students from Karachi. The paper gives an account of 
several species belonging to the subfamily Renerinae, G-ellinae, Phloeo- 
dictyinae, Esperellinae, Axinellinae, Ectyoninae, and the section 
Cymonae, along with some sponges in Suberitina. 


3. Further observations on lAmnocnida indica Annandale. 
H. Srinivasa Bao, Calcutta. 

The occurrence of freshwater medusae in India was first recorded 
by Annandale in 1911 (Nature, p. 114). Since then several observations 
have been made on them on various occasions by Agharkar, Gravely, 
and Annandale in the valleys of the Kistna, Koyna, and Yenna rivers in 
the Satara district of Bombay. But the life-histoiy of the medusae has 
been more or less obscure, "in the present note the author gives the 
results of his observations on these medusae at various localities on 
those rivers, and offers a few remarks on the distribution of the Indian 
and African representatives of the genus, and on the origin of the 
medusae in India based on the available geological evidence. The 
hitherto general belief that 'there should be an asexual hydroid phase in 
the life-history of the medusae is abandoned, and the view is put for- 
ward that the Indian medusae reproduce only sexually during the dry 
season, and deposit eggs which rest at the bottom of deep pools in the 
course of these rivers, anchored to particles of mineral or vegetable 
debris by sticky threads which are given off from the surface of the 
eggs on contact with foreign bodies. Throughout the monsoon when 
the rivers are in flood the eggs presumably lie dormant, but begin to 
develop at the end of the cold weather directly into medusae which 
generally do not rise to the surface of the pools until summer has set in. 
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4. Hydromedusae of Madras. 

M. G. K. Menon, Madras. 

The paper is a systematic account of the Hydromedusae obtained 
from the plankton of the Madras Coast, during 1929-31. The collection 
contains 35 species belonging to 28 genera, of which one genus and six 
species are new to science. The majorily of the forms, however, belong 
to the Leptolinae, as is only to be expected from such a littoral 
collection. The few species of Trachylinae were obtained at irregular 
intervals unlike the former which showed definite periods of occurrence 
and seasonal abundance. It is presumed from these facts that the 
typical oceanic medusae are only occasional visitors to the coast brought 
by currents or strong wind. The present study has also shown that there 
is a tendency for the littoral forms of this coast to preponderate in the 
plankton, both in bulk and in species, during the colder months of the 
year, which succeed the monsoon rains. G-eographically, the collection 
adds to our knowledge of the Hydromedusae of the Indo-Pacific. There 
is a general s imil arity to other littoral collections made from this region. 
Some of the Atlantic and Pacific medusae are recorded for the first time 
from the Indian Ocean. 

' 5. On the genus Pocillopora from the Great Barrier Beef 
of Australia. 

G. Matthai, Lahore. 

Four species of Pocillopora, viz., P. damicornis, P. danae, P. verru- 
cosa and P. eydouxi are represented in the collection of corals made by 
the scientific expedition to the Great Barrier Reef of Australia. The 
growth form and relationships of the species of this remarkable genus of 
corals are discussed in the paper. 

6. New Monostomes of the family Pronocephalidae with 
a classification of the family. 

H. E. Mehra, Allahabad. 

DiaschistorcJiis gastricus n. sp. described is found in the stomach of 
freshwater tortoises at Allahabad. The only other species of the genus, 
i.e., D, pandus (Braun) is parasitic in the marine tortoises, Ghelone my das 
of the Mediterranean sea, Ghelone imhricata of the Queensland coast 
(Australia) and Caretta caretta of the Gulf of Mexico and Tortugas 
(West Indies). 

The two new species of the new genus Neopronocephalus are des- 
cribed. This genus is distinguished from all the other genera by the 
position of its testes, which are situated symmetrically one on each side 
m front of the ovary. 

While I have given a classification of the family Pronocephalidae in 
a paper, which is in course of publication in Annals de Parasitologic^ a 
paper has been published by Price in which he has classified this family. 
It is a strange coincidence that his classification is based essentially on 
the same principle as mine, i.e., the position of the testes and that his 
two subfamilies are precisely the same as mine, i.e., the Pronocephalinae 
and Charaxieephalinae. But we disagree about the position of the 
genus Diascliistorchis. I have no doubt that this genus belongs to the 
Charaxieephalinae instead of the Pronocephalinae, in which Price has 
placed it. I accept the subfamily Opisthoporinae, Price for the genus 
Opisthoporiis. Two new subfamilies, i.e., Neopronocephalinae mihi and 
Hippocrepinae mihi are created and their diagnosis given. The inter- 
relationships of the subfamilies are discussed. The families Pronocepha- 
lidae and Notocotylidae are so closely related that it is a point worth 
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consideration whether they should be retained as separate families or 
merged into one family. 

Eeys to the subfamilies of the Pronocephalidae and to the genera 
of the subfamilies Pronocephalinae and Charasicephalinae are given, 

7. Acanthocephala from Northern India. II. A new spe- 

cies of Gentrorliynchus from a Himalayan bird 
Urocissa melanocephula occipitalis (Blyth). 

M. N. Datta, Calcutta. 

A new species of Acanthocephalan parasite found invariably infect- 
ing the digestive tract of the Himalayan bird, Urocissa melanocepliala 
occipitalis (Blyth), is described under the name of GentrorhyncJius 
maryasis n. sp. 

A short account of the anatomical features characteristic of the genus 
and the new species is given in the paper. Pull descriptions of the pro- 
boscis, proboscis hooks, proboscis sheath, nervous system, male and 
female genitalia and ova are also included. 

In comparing with other known species of the genus, e.g., 
C. austunnus, C. pinguis, C, aluconis, C. spinosus, it was found that 
all of them resemble the new species C. maryasis in the shape of the 
body, in the attachment of the proboscis sheath near the middle of the 
proboscis and in the situation of the central nervous system near the 
middle of the sheath. The testis of C. maryasis is oval and the two 
testes lie closely opposed to each other. The prostatic glands, as in all 
species, are long and cylindrical. A strong sphincter muscle is developed 
in the vaginal wall. The new species differs from all other species of the 
genus in having a comparatively long and broad body in both the male 
and the female specimens; and in the number of longitudinal rows of 
hooks and of the hooks in each row. These characters were found to be 
constant in the new species. 

8. The ecology of Polychaetes of Karachi. 

Najmud-Din Aziz. 

The author deals with the ecology of the common littoral Polychaetes 
met with on the sandy beach of Eiamari, on the rocky ledge of Manora 
and around Oyster Islands. He gives an account of the effects of tidal 
rhythms on these worms, mode of locomotion, power of regeneration, food, 
tube formation and other means of adaptation to environment. The 
colouration of these worms is also discussed. 

9. Some abnormalities in the Indian leech — Hirudinaria 

granulosa. 

M. L. Bhatia, Lucknow. 

1. Eyes. — The normal number of eyes in this species is 5 pairs. 
They are metamerically disposed in segments 2, 3, 4, 5 and 6, a pair 
being present in each segment. 

Eyes both in number and arrangement are of great diagnostic value. 
The full number of eyes may not always be present. Specimens have 
been collected at different times with one, two or even three eyes less. 

2. Posterior Sucker. — Specimens were collected which were devoid 
of the posterior sucker. It is evidently accidental. These were kept 
under observation. The anterior sucker is more strongly developed and 
very well compensates for the absence of the posterior sucker. The anal 
aperture in such specimens is placed at the posterior extremity. 

3. Crop. — The crop which extends over somites IX to XIX consists 
of a metameric series of axial chambers separated by intersegmental 
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constrictions. Each chamber bears a single pair of caeca. These caeca 
begin in segment X. The pregenital pairs are usually smaller and irre- 
gular. The post-genital caeca are fully developed and reach the segment 

next to it. • i? j 

The posterior ends of caeca in the posterior genital region get fused 
with the axial chamber, thus forming a more spacious system for storing 
blood. 

10. The ecology of the Entomostraca of Lahore. 

G. L. Aroea. 

In this paper the author discusses the effects of light and temperature 
on the water-fleas of Lahore, their capacity for resisting adverse condi- 
tions, phenomenon of moulting, modes of locomotion, etc. 

11. A study of ant-behaviour. 

. Sher Ahmad. 

The paper deals with the ants of Lahore. Myrmecocystus setipes and 
Holcomyrmex scabriceps preferably build nests in dry places. All species 
of Phidole, Gamponotus milis, C. confucii generally haunt sides of water 
drains. Prenolepis indicum, P. longicornis, Tapinoma melanocephalim, 
Phidole latinoda, Polyrachis simplex Bothriomyrmex wroughtoni, Plagiolepis 
exigua always build nests amidst roots of herbs and bushes. Species of 
Cremastog aster infest hollows and galls of trees. Other ants nest in damp 
places. The higher ants such as M. setipes^ H. scabriceps, Phidole indica, 
Gamponotus compressus build spacious galleries. 

Most ants of Lahore hibernate in winter, resuming normal activities 
in March. 

Nuptial flights of H. scabriceps, M. setipes, B. wroughtoni were 
observed in winter, and of the remaining species in the rainy season. 
In all species males linger in nests after nuptial flights. In B. wroughtoni 
and Prenolepis indicum nuptial flight occurred twice a year. Towards 
the end of March queens of G. compressus left old populous nests and 
founded new ones. 

Experiments showed that the sense of smell in ants is not highly 
developed. 

12. Nests of ants. 

D. D. Mukerji, Calcutta. 

The architecture of the carton nests of the ants of the genera 
Myrmicaria and Polyrachis is described. These nests differ from those 
already on record from India and Burma. The bearing of the ecological 
conditions on the nesting habit of the ants is also considered. 

13. On the occurrence of symbionts in a wood-boring insect 

Bhahdophaga saliciperda Duf. (Cecidomyiidae : 
Diptera) from English willow, with reference to the 
importance of micro-organisms in the control of pests, 

PuRXBNDU Sen, Calcutta. 

The genus Rhabdophaga (to which the insect R. saliciperda under 
discussion in this paper belongs) is of wide distribution in Europe and 
America. The insects of this genus are pests on the willows which are 
used in the manufacture of cricket bats and their importance in this branch 
of national industry is discussed. As the Cecidomyiidae are long known 
pests of the willows, the study of this group of insects is emphasised. 
The food habits of the gall midges (Cecidomyiidae) with special reference 
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to this species have been dealt with. The presence of symbionts has 
been recorded in the species in common with all wood-boring insects. 
Extensive experiments carried on for this purpose show that two kinds 
of micro-organisms, a fungus and a bacterium, are associated with this 
insect. The fungus was noted from outside the larva while the bac- 
teria were from mside the gut. Uvarov’s theory of controlling the pests 
by controlling the micro-organisms is criticised. 

14. A note on the alimentary canal of some South Indian 

crickets. 

T. K. Gopalachaei, Cocanada. 

This note deals with a comparative account of the alimentary canal 
of three South Indian crickets, the mole cricket, the house cricket and the 
field cricket. The alimentary canal of the mole cricket shows primitive 
features in the long oesophagus with a dorsal pouch, in the absence of a 
crop, the simple gizzard, and the rudimentary hepatic caeca. The other 
crickets show a more highly evolved alimentary system. The alimentary 
canal of crickets in general is much less evolved than that of the cockroaches 
and grasshoppers. 

15. A new genus and species of Thrips from South India. 

T. Y. Eamakeishna Ayyar, Madras. 

Since the publication of his memoir on India Thysanoptera prepared 
in 19‘27 and of a recently prepared supplementary paper on the same 
subject, the writer has come across a very interesting thysanopteron 
which appears to be not only a new species but exhibits characters which 
have not been noted in any of the genera known to the writer. The 
insect belongs to the Tubuliferous section of the order and the extra- 
ordinary and the strongly developed fore legs appear to be unique in this 
creature. It is apparently new and is here described as a new genus under 
the name ‘ Veerahaliu thrips ’ — (Sanskrit — ^thrips with powerful hands). 

The chief distinguishing features of this genus are the elongated 
body with the head narrow and more than twice as long as broad. The 
antennae are S-jointed. The eyes are large and elongated and the ocelli 
distinct. The cheek behind the eye on each side is abruptly constricted and 
beyond this constriction the cheeks run more or less parallel to meet the 
prothorax. The most important generic feature is the unusual armature 
of the fore-limbs which are very stout and strongly armed. The femur 
is long and as broad as the head with four conspicuous teeth at its inner 
margin towards the apex, the tibia also possesses four teeth but of smaller 
size and in addition the tarsus is armed with a stout curved tooth at its 
base. In the resting posture of this insect these fore limbs have the 
femoral teeth interlocked with the tibial and tarsal teeth and look more 
or less as in the pedipalpi of some crabs. The insect has the usual two 
pairs of wings and other ordinary features of thrips. In this paper 
the generic and specific characters are described with some remarks on 
the possible affinities of the insect with previously known forms. The 
type is described as a new species under the name V. hamhusae. 

Specimens were found inside tender leaves of bamboo in company 
with some scale insects on tlie Coimbatore farm. It looks also probable 
that this insect is predacious on the bamboo thrips; but this has not 
yet been confirmed. 

16. Notes on variation in the specific characters of spiders. 

F. H. Gravely, Madras. 

Different species of spiders commonly show a basic colour pattern 
which is constant, but subject to such modifications in the extent and 
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intensity of its darker and lighter parts as in some cases completely to 
obscure its nature unless a large series of specimens is available for com- 
parison. The structure of the vulva is usually much more reliable, but 
in some common and widespread species this also varies greatly. ^ In 
some cases these variations seem to be more or less closely associated 
with locality or with the age of the spider or both. These facts need to 
be carefully borne in mmd when describing new species. 

17. A note on the occurrence of a style sac and crystalline 

style sac in some more S. Indian Gastropods. 

E. V. Sbshaiya, Annamalai Nagar. 

The presence of a style sac and a crystalline style in some of the 
genera of Melaniidae, Hydrobiidae and Cerithiidae was discussed by the 
author at some of the sessions of the Science Congress. The present 
note deals with the occurrence of a style in Assiminea {Family Assi- 
minidae) and in Potamides (Cerithidea) ohtusum {Lam.) and in Pota- 
mides {Telescop lum) telescopium {Linn.) in which a style and a style sac 
have not been recorded till now. 

18. The anatomy of BacMsellus 'punctatus (Anton). 

E. V. Seshaiya, Annamalai Nagar. 

The paper deals with the anatomy of Rachisellus punctatus (Anton), 
a small Pulmonate Mollusc, partly arboreal in habits. The genus Rachi- 
sellus was first established in 1889 by Bourguignat. Dr. Thiele classi- 
fied it as a sub-genus of Ena^ basing his conclusions on certain features 
of the radula. G-ude considered the Achatinoid aspect of the shell of 
Rachisellus a sufficient case for its retention as an independent genus 
and followed the lead of Bourguignat. 

The study of the anatomy shows among other things that the struc- 
ture of the reproductive system of Rachisellus punctatus (Anton) does 
not lend any support to Dr. Thiele’s view. 

19. A comparative study of the nervous system of the 

Streptoneurous Gastropods of Karachi and Lahore. 

N. A. Janjua. 

The nervous system of 12 species of the genera Turbo , Paludina 
{Vivapara)^ Gypraea, Ranella^ Conus f Cerithium, Nassa^ Ricinula and 
Purpura has been investigated. 

The data obtained show that the nervous system has evolved from 
the primitive arrangement in which the ganglia are connected by long 
nerve strands, to the specialised condition in which all ganglia are con- 
centrated around the oesophagus. 

Hypoathroid, Dystenoid and Epiathroid types of nervous system with 
either Zygoneury or Dialyneury or both are seen. 

20. A comparative study of the Eadulae of the Streptoneur- 

ous Gastropods of Karachi and Lahore. 

N. A. Janjua. 

As a_ result of the study of 10 species of Gastropods it is seen that 
the multicuspid teeth have probably evolved from those in which the 
teeth have no cusps or very minute ones. In the series of forms investi- 
gated the number of teeth in each row decreases while the number of 
rows of teeth increases. The three sets of teeth in a row, i.e., centrals, 
laterals and marginals, are present in the lower forms, but in the higher 
forms the marginals are absent. 
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21. On the Hypobranchial artery of GirrMnua mrigala 

(H. B.) and Gatla catla (H. B.) with short notes on 
their heart and afferent and efferent branchial system. 
B. K. Mitra and Ekendranath Ghosh, Calcutta. 

The hypobranchial artery, already described in Selachii, Dipnoi 
and some Teleostei, was foimd in a Cyprinid fish, Lahio rohita by P. Sen. 
It is now found in two other Cyprinid fish, Cirrliinus mrigala and Catla 
catla. In general, the origin and distribution of the hypobranchial 
artery is quite similar in all the three Cyprinid fishes examined. It 

arises by two trunks, each of which is agam formed by union of two 

vessels arising from the second and third efferent branchial vessels of 
each side. The branches of the hypobranchial artery are somewhat differ- 
ent in these three animals. It not only supplies the heart but also the 
urohyal and pectoral muscles. Short notes on the heart and the afferent 
and efferent branchial system of vessels are also added. 

22. On the anatomy of Polyyiemus paradiseus Linn, and 

Eleutheronema tetradactyliis Shaw. 

Ekexdranath Ghosh, Calcutta. 

Polynemus paradiseus Linn. Skeleton. There are 10 precaudal verte- 
brae ; first three have flattened spinous processes and without para- 
pophyses. The neural arch of the first vertebra is articulated with the 

centrum. The fourth and fifth vertebrae have separate parapophyses. 

The other precaudal vertebrae have the parapophyses joined by a cross 
bar. There are fifteen caudal vertebrae of which the ^st thirteen have 
anterior and posterior ventral processes. The skull shows distinct percoid 
facies. Nasals are cartilaginous. Vomers are fused. Basi- and orbitosphe- 
noids are absent. No orbitals are seen. The supra-occipital meets the 
frontal. There is no jugal. The ectopterygoid is fused with the entop- 
terygoid. 

Anatomy. — ^There are eight pyloric coeca. The intestine presents a 
double curve. There is a club-shaped gall-bladder. The spleen is elon- 
gated. There is no air-bladder. Of the four afferent branchial vessels, 
the third and fourth arise together. Of the four efferent branchial vessels, 
first and second end in the cephalic circle and the last two unite to form 
a common trunk which opens at the origin of the dorsal aorta. The left 
posterior cardinal vein is absent. The outer gill arches are only provided 
with gill-rakers. The kidneys are fused in the middle line except in the 
extreme anterior end. The right posterior cardinal vein is placed in the 
middle line between the two kidneys. 

Eleutheronema tetradactylus Shaw. Skeleton. — Of the 10 precaudal 
vertebrae, first three have flattened neural spines and very small parapo- 
physes- The neural arch of the first vertebra is not fused with the 
centrum. The parapophyses of the seventh to tenth precaudal vertebrae 
are connected by a transverse bar. Of the 15 caudal vertebrae, the first 
fourteen are provided with anterior and posterior ventral processes. The 
skull is, in general, similar to that of the other animal. 

Anatomy . — The tubular pyloric portion of the stomach has five pyloric 
coeca. Each coecum arises by a stout trunk which divides into numerous 
branches ending in five blind tubular sacs. The intestine has a double 
curve. The rectum is elongately fusiform. The gall bladder is large and 
fusiform. The spleen is narrow and elongated. There is no air bladder. 
The afferent branchial vessels are similar to those of the last animal, in 
origin. Of the four efferent branchial vessels, the last two end in a common 
trunk which open into the dorsal aorta at a little distance behind its origin. 
The left posterior cardinal vein is absent. The outer gill axis is provided 
with gill -rakers like the last animal. The kidneys are fused in the middle 
line except in the extreme front. Eenal arteries of two sides arise by a 
common trunk. 
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28. Further observations on the air-breathing habit in an 
Estuarine Gobiid. 

B. K. Das, Calcutta. 

In 1930 the author gave a preliminary account of the peculiar mode 
of breathing atmospheric air by an estuarine Gobiid, at the Indian 
Science Congress (Allahabad). In the present paper the author records 
further observations and describes the behaviour of the fish under different 
conditions of water and other factors, the time for asphyxiation, etc. The 
histological character of the opercular rim and the vascular supply are also 
dealt with. 


24. The paratoid and caudal glands in certain ranid larvse. 
L. S. Ramaswami, Bangalore. 

The larvae of Rana curtipes Perd. and Rhacophorus pleurostictus 
Gunther, have been known to possess paratoid glands and the former, 
an additional gland on the back of the root of the tail. The adults do not 
have them. These glands resemble histologically the poison glands of 
Bujo melanostictus Schneid. None of the Bufonid larvae so far described 
are known to possess larval poison glands. The comparison is between 
the larvae of these Eanids and the adult Bufo. The occurrence of these 
structures as larval features in the one set of cases and as an adult 
characteristic in the other, can only be treated as an adaptive modification 
arising independently, due to the general habits of life assumed by the 
larvae and the adult toads. 


25. Studies on the sexual cycle of some Indian Lizards. 

J. J. Asana, Ahmedabad. 

The material for these studies consists of gonads both male and female 
and other structures taken periodically, at an interval of a fortnight to a 
month throughout the year, from the bodies of Uromastix hardwickii, 
Calotes versicolor and Sitana pomticeriana as the representatives of the 
family Agamidae, and Hemidactyhis fiaviviridis and Mahuia maciilana 
as representatives of the families Geckonidae and Scincidae respectively of 
our Indian lizards. 

These studies are being carried out with a view to observing and 
recording the seasonal changes, both macroscopic and microscopic, in both 
types of gonads, male and female, and attempting to find out whether these 
variations could be correlated with changes in their environment and 
with their more or less differing ways of living, or these seasonal variations 
are merely racial characteristics. Secondly, in view of the fact that though 
there exists an obvious relationship between the phenomena of sexual 
urge and of the testicular activity there is a great deal of controversy 
concerning which of the testicular elements, interstitial cells or germinal 
tissue, wields this influence. An attempt is being made by the application 
of modem cytological technique to reach some certainty with regard to 
the testicular hormone secreted. 

No detailed study has been so far carried out in reptiles beyond a 
piece of research on the interstitial cells in the testis of the Horned Toad, 
Phrynosoma solar e, an American lizard by E. F. Blount. 

We have previously recorded the breeding habits and seasonal varia- 
tions in the gonads of Calotes versicolor, Sitana (Agamidae) and Mahuia 
of the family Scincidae closely follow Calotes, But Uromastix though it 
belongs^ to the same family Agamidae, shows considerable divergence. 
When its allies Calotes and Sitana and also Mahuia are hibernating with 
their gonads at their lowest stage of regression reduced to a size not more 
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than a millimetre or two, the gonads of Uromastix have embarked on their 
progressive cycle and show considerable growth and internal activity. In 
Jannary, ‘February and March when the gonads of Calotes and Sitana and 
also those of Mahuia are lying dormant or jnst aroused from vrinter sleep 
Uromastix is at its height of breeding season already laying eggs, its 
testis having reached its maximum average size of about 1*8 c.m.x-8 c.m. 
by the end of February. 

The breeding season, the progressive and regressive cycles in the 
gonads of Hemidactylus though it belongs to a family different from 
Agamidae closely follow those of Uromastix in its sexual cycle. 

26. The anatomy of a snake’s tongue. 

C. P. Gnanamuthu, Madura. 

The forked, extensile tongue of Ophidia is tactile. The Hyoglossi — 
the principal muscles of the tongue — are nearly two and a half times as 
long as the head. The Genioglossus is well developed and has its chief 
insertion very near the middle of the long Hyoglossi. The Genioglossus 
draws forwards the Hyoglossi to nearly a third of its length. The hyoid 
apparatus consists of two long stiff cartilagmous rods from the ends of 
which the Hyoglossi arise. When the Hyoglossi are drawn forward these 
are so bent that their recoiling retracts the Hyoglossi to their former 
position. 

The intrinsic muscles of the tongue. Lateralis, Transversalis and 
Verticalis linguae appear in and round the Hyoglossi only in front of 
the insertion of the Genioglossus — ^where the Hyoglossi form the protrusible 
part of the tongue. The Hyoglossi extend to the extreme tips and serve to 
shorten or twist the tongue to either side. The lateralis and transversalis 
are responsible for the approximation and divarication of the tips, while 
the verticalis raises or lowers the sides of the tongue. Through a combined 
action of these muscles the tongue tips are moved in all durections. 

27. On the genetic relationships of Ophidian families. 

B. C. Mahendea, Agra. 

The author has made a careful study of all the skeletal characters and 
some features of lepidosis of the Ophidian families and he criticises the 
genealogical tree of the Ophidia given by Boulenger in his Catalogue of 
the Snakes in the British Museum. The latter leaves the I^hlopidae and 
the Glauconiidae out of consideration * as degraded burrowing t^s inde- 
pendently derived from some Ophidian form less specialised than any with 
which we are at present acquainted and claims for the family Bcidae^ 
and more especially for the Pythons, ‘ the position of ancestral group from 
which all other Ophidia may have been derived \ He regards the 
Uropeltidae as distinctly higher than the Boidae and as having no parti- 
cular affinities to the Typhlopidae and the Glauconiidae. 

The present studies, however, show that the Uropeltidae is more closely 
allied to the Typhlopidae and the Glauconiidae than to any other family, 
and that the Boidae is genetically much higher than any one of these. In 
this connexion the importance of the two types of Ophidian ocular shields 
are pointed out and the possible course of their evolution indicated. 

It is also shown that the Ophidia fall into two distinct groups, one 
genetically higher than the other. The first group consists of T^hlopidae, 
Glauconiidae, Uropeltidae, Ilysiidae, and Xenopeltidae : all those forms 
in which the cranial bones are more or less solidly united, the gape of 
the mouth is not very considerable and the two sides of the jaws cannot 
work independently to the same extent as in the higher forms. The 
second group comprises all the higher families in which the maxillaries, 
palatines and pterygoids move on each other. 

In the end a tentative scheme of evolution of the lower snake families 
is given, and the important references on the subject mentioned. 
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28. The primitive nature of the alimentary canal of 
Emyda vittata Peters, with a note on the structure of 
the oviduct. 

A. Narayana Eao, Bangalore. 

The presence of a typhlosole in the intestine is a distinctly primitive 
character. Though from an examination of the Coprolites, it has been 
surmised by Lydekker that certain extinct reptiles, Icthyosaurus, 
possessed a structure similar to the spiral valve of the Elasmobranchs, 
so far as is known to the author, the alimentary canal of no living reptile 
possesses this structure. In Emyda vittata there is an extraordinarily 
well developed typhlosole extending practically from one end of the 
intestme to the other. In certain regions the typhlosole seems nearly to 
touch the wall of the intestine, reducing the intestinal cavity into a semi- 
lunar slit. The alimentary canal is extraordinarily long in this species. 

Emyda vittata which is a common local species and is thoroughly 
aquatic ejects, as is well known, through the vent large quantities of 
water when taken out of its habitat. The general presumption is that 
this is not urine . 

The structure of the oviduct is examined and commented upon in 
this connection. 


29. Congenital absence of limbs in tortoises of the genera 
Trionyx and Emyda, 

S. K. Dutta, Allahabad. 

A deviation from the normal growth of the paired limb occurs now 
and again throughout the Yertebrate series and a brief account of the 
previous works on the limb abnormalities in Vertebrates is given in the 
paper. So far as the tortoises are concerned, no record of the absence 
of limb seems to be extant and the writer takes the opportunity of 
describing two such cases of anomalipeds. At the spot where the limb 
in question should have existed there was no indication of a scar and 
the internal structure also showed the defect to be due to developmental 
arrest instead of to an accident. 


30. Tw’o rare doves of the district of 24-Perganas. 

S. C. Law, Calcutta. 

1. CEnopopelia t, tranqueharica Herm. Its circumscribed range in 
the District. A resident bird : its occurrence not as uncommon in 
riparian tracts as in inland areas. Juvenile characters fully described. 

2. Streptopeha d decaocto Eriv. Localised area of distribution of 
the bird. Haunts and habits described. Observations on juvenile 
plumage. 

31. On Goecichla citrina Lath, breeding in the suburbs of 

Calcutta. 

S. C. Law, Calcutta. 

Discovery of a nest with three partially fledged young of the Orange- 
headed Ground Thrush near Baraset (District 24-Perganas), 15 miles 
from Calcutta. A second breeding pair observed near Gobardanga (24- 
Perganas). Status of the species discussed. Its generic traits and move- 
ments in the wake of migration. Tendency among individuals to cling 
to plains habitat in summer for nesting and thus form a non-migratory 
local race. Has this local domicile any effect on the resident individuals? 
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32. Place of Munia orijzivora (L.) in India's Bird fauna. 

S. 0. Law, Calcutta. 

Its original status — an exotic form introducing itself into different 
parts of India by escaping from the cage. Its rapid multiplication noted 
half a century ago. Mr. Stuart Baker’s edition of F.B.I. (Birds) has, 
curiously enough, no reference to the species. A considerable colony 
observed recently near Calcutta (10 miles to its north) : its feeding and 
roosting places described. Ko published record of its occurrence in 
Bengal. 

33. Distribution of Sauropatis cliloris (Bodd.) in inland 

parts of Lower Bengal. 

S. C. Law, Calcutta^ 

Common occurrence of the bird in the Sunderbans and throughout 
the eastern coast of the Bay of Bengal. Discovery of its breeding area 
in inland parts, considerably away from the Sunderbans : nestlings 
obtained in Ghurr lands on the banks of the river Ichamati beyond Basir- 
hat town. Juvenile characters described. 

34. The status and distribution of the Indian Black-headed 

Shrike {Lanius nigriceps Prank.) in Lower Bengal. 

S. C, Law, Calcutta. 

Erroneous observations of J. B. Cripps re : its status in Furreedpore 
district. Mr. Stuart Baker’s record in F.B.I. (Birds) inadequate and some- 
what misleading. Breeding area of the bird discovered in riverine tracts of 
Basirhat (24-Perganas), about 40 miles N.E. of Calcutta. Observations 
on the plumage of specimens, both adult and juvenile, obtamed therefrom. 

35. A comparative study of the lower limb muscles of Loris 

lydehherianus and man. 

A. Anantha Narayana Iyer, Madras. 

The Pectineus consists of two parts ; one superficial and one deep 
corresponding to the double nerve supply from the femoral and obturator 
nerves for the Pectineus in man. There is a muscle * Triceps Femoris ’ on 
the medial aspect of the thigh which is a fusion at insertion of Gracilis, 
Semitendinosis and a muscle for which there is no human equivalent taking 
origin from the Pecten Pubis superficial to the Pectineus. There is no 
tendinous insertion of Adductor Magnus to Adductor tubercle. The Biceps 
Femoris has no short head from Femur, the only origin being in common 
with the other Hamstrings from the Ischial tuberosity. There is no Pero- 
neus tertius; no Plantaris. The Flexor Digitorum Longus and Flexor 
Hallucis Longus are so named in the paper only from corresponding 
origins and positions, for both the muscles supply all the toes. The 
interesting way in which these and Flexor Digitorum Brevis are inserted is 
described. The Popliteus develops a fairly well sized Sesamoid bone 
which articulates with the lateral condyle of the Tibia and takes part in 
the knee joint. The first toe and the little toe have opponens muscles 
like the upper extremity of man. Minor variations in other muscles are 
also described. 

36. On the occurrence of Sus namadicus in Ariyalur. 

G. E. Narayan Eao, Bangalore. 

The paper deals with the occurrence of Sus namadicus and Sus kurnoo- 
liensis reported from the Kurnool caves and discusses the phylogenetic 
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relations of the South Indian Fossil Suinae with those discovered in the 
Siwalik Beds. An interesting point as regards the age of the Ariyalur 
rocks from which mammalian remains have been obtained and which pre- 
sent strong resemblance with the extinct Siwalik fauna is also touched 
upon. 

37. On the evolution of the occipital condyle and the 
formation of ‘ Atlas ’ vertebra in the vertebrata. 

H. K. Mookerjee, Calcutta. 

The origin of the occipital condyles of the skulls and the formation 
of atlas of Vertebrata have not so far been elucidated. The condyles are 
separate elements from the occipital arch and are superimposed on the 
latter, except in fish. The occipital arch is the hinder limit of the sknll; 
and the arch which is the beginning of the vertebral column may be termed 
the atlas, though it is not homologus in Anammia and Amniota* Between 
the occipital region and the atlas there is an intervertebral body which acts 
as a buffer. An intercalated arch is present on the dorsolateral sides of 
this intervertebral body, the existence of which was not 'previously known ; 
this arch is not complete dorsally and does not enclose the spinal cord; 
the nerve, spinalis I, passes through or over this intercalated arch. In 
fish, the limbs of this intercalated arch lie on the sides, a little above the 
level of the intervertebral body, the division of which forms the heavy 
zygapophyses between the skull and the atlas. In fish the occipital condyle 
is formed only from the intervertebral body which acts as a buffer between 
the skull and the vertebral cplnmn and it is concave as the vertebrae of fish 
are amphieoelous. In Urodela, Anura and Mammalia the occipital condyles 
are formed only from this intercalated arch. In Eeptiles and Aves they 
are formed not only from this intercalated arch but also from intervertebral 
body in addition. In Urodela and Anura the so-called atlas vertebrae 
have not only their own dorsal arcualia but also a part of the intercalated 
arch in question. In reptiles and birds, according to the generally accepted 
view the intercentrum represents the united basiventralia. Now, if the 
centrum of the atlas vertebra fuses with the axis centrum to form the 
odontoid process, we might naturally expect that the intercentrum belong- 
ing to the atlas vertebra should either remain with the dorsal (posterior) 
arch of the atlas ring or should fuse with the odontoid process of the axis ; 
and in consequence the latter should have two intercentra instead of one 
as is actually found in the dried vertebra of the adult. 


38. Certain vegetable juices and urine as histological 
fixatives. 

A. Narayana Bao and S. Bamaswami, Bangalore. 

Since publishing a short note on this subject in Nature (Vol. 127, 
No. 3312 dated 23rd May 1931) the authors have extended the application 
of these new fixatives to every kind of animal tissue and in one case to the 
vegetable tissue as well. The paper deals with the relative values of these 
fluids as fixing agents for the study of the nerve endings in the muscles, 
the structural details of tissues and cytoplasmic inclusions, including 
nuclear changes in mitotic division. Practically in every case the results 
are quite constant and satisfactory as are those obtained by the older 
methods of employing pure chemicals recommended in Lee’s Vade Mecum. 
We have tried with success some of these new fixatives in the study of 
placenta, the embryos of chick and frog, and several protozoa. Excellent 
results have been obtained on the smears of the testes and blood of 
frogs, crabs and Loris, We put forward the general theory that some, at 
any rate, of these juices, and urine especially, might replace the common 
fixatives now employed in micro-technique for all general purposes. 
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39. Spermatogenesis of Schizodactylus monstruosuSi Don. 

J. J. Asana, Ahmedabad. 

Maxwell-Lefroy while assigning this insect to the sub-family Locns- 
tidae remarks in his book ‘ Indian Insect Life ’ that its systematic position 
is rather doubtful and that its habits are such that it may be a Giyllid. 
He also records that its distribution in India is a curious one includmg 
Tirhoot, parts of Assam, Bellary, parts of Sind and Multan. It is fairly 
common in Ahmedabad living in sandy soil near the river Sabarmati. 

A detailed cytological study of its male gonads including the observa- 
tions on the behaviour of the chromosomes, their shape, size and number 
has been made. Comparing these observations with the results of our study 
on the chromosomes of a number of Indian Locustidae previously recorded 
we find that the chromosomal complex, the sex chromosomes and the 
behaviour of the chromosomes at the stage of reduction division are 
entirely different from those of any locustid we have so far examined. 
Besides there is no similarity whatsoever in the structure and the general 
topography of the testis tubules in the contrasted forms. 

In S. monstruosus the somatic number of chromosomes is 14 of which 
12 are autosomes and the remaining two are a very large X — ^perhaps the 
largest chromosome in the whole complex — and extremely small dot-like y. 
This arrangement of x and y chromosomes, has not been so far seen m any 
Locustidae, though it has been recorded m one or two forms of Gryllidae. 

40. Yolk nucleus in the spider Plexippus payhulli, 

SxJKH Dyal. 

Fresh eggs measuring O’l mm. show a circular structure with a 
peripheral fibrous shell enclosing fine vesicles. The rim of each vesicle 
goes black in 2 per cent, osmic acid slightly. Younger oocytes do not show 
this structure. When the albuminous yolk puts in its appearance this 
structure disappears. 

Work on the nature of this structure is in progress. It will be interest- 
ing to ascertain if it represents any one of the well known cytoplasmic 
inclusions or whether it is altogether an independent structure. 

41. Oogenesis of rabbit. 

SuKH Dyal. 

In the outer germinal epithelial lining of the ovary and the interstitial 
cells, both of which give rise to oogonia, the mitochondria and the golgi 
elements are in a juxtanuclear position. In later stages these elements 
arrange themselves in the form of a circumnuclear ring. This expands 
peripherally till the whole of cytoplasm is invaded by its contents. Where- 
as the mitochondria are granular, the golgi elements are in the form of 
vesicles, each vesicle showing an osmiophilic or argentophilic rim and an 
osmiophobic or argentophobic centre. There is neither fat nor albuminous 
yolk. In fixed preparations the older oocytes show clear vacuoles, but as 
vital study is precluded by the enclosing secondary cells of the ovary, it is 
impossible to say whether they correspond to the vacuome. 
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PTesidential Address, 

The Science of Plant Life in India — ^Past and Present* 

More than 2,500 years ago Jivaka, when he finished his 
study of natural history in the famous University of 
Taksasila (Taxilla), was asked by his teacher Bhikshu 
Atreya to collect, identify, and describe the properties of 
all plants to be found within a radius of four jojanas (eight 
miles) around Taxilla.^ Bhikshu Atreya was himself the 
author of several scientific treatises, but long before his time, 
the science of plant life had developed along the two 
natural channels of practical utility, viz. botany of the 
medicinal plants and botany of the agricultural plants. 
Agnivesa, Jatukarna, Bhela and Harita, all disciples of 
Atreya (son of Atri, not Bhikshu Atreya), Charaka (redactor 
of Agnivesa), Dhwannantari, his disciple Susruta and Nagar- 
juna (redactor of Susruta) are aU great names in ancient 
India famous for their knowledge of medicinal plants and of 
their uses in alleviating the sufferings of humanity. The 
two great names of this Aurvedic period, as Eay^ calls it, 
are Charaka and Susruta; but though not methodised and 
arranged on a rational basis with a scientific terminology, the 
study of the medicinal plants had begun more than a thou- 
sand years before this time. We have the foundation in 
the Yedic period specially in the Atharvan and Big. Ee- 
garding agricultural botany it is clear from the recorded 
evidence that the earliest mention of agriculture occurs in 
a hymn of the Eig Veda® which shows us 'that India was 
peculiarly fit for agriculture which was the then staple in- 
dustry of the country, the source of the supply of food and 
the universal occupation of the people *. The early records 
of plants and scientific agricultural practices, we find in 
the Vrikshayxjrveda (science of plant life) chapter of Agni- 
purana — an ancient popular cyclopaedia of aU kinds of 
knowledge. Both in Kautilya’s Arthashastra and in 
Varahamihira’s Brihatsamhita, we come across chapters on 
Vrikshayurveda. From these we find that the ancient 


^ V. Sen— in VananshadM Darpana. 

® Ray— History of Hindu Chemistry. 

® Quoted in Vanaspati (G- P. Mazumdar). 
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sci6iic6 of pls-nt lifo iii roforonco to agriculturo consistod. in 
collection and selection of seeds, germination, grafting, cut- 
ting, sowing, planting, and nursing, selection of soil, mea- 
suring and cultivation of soil under favourable meteorological 
conditions and the location of plants for improving the 
afsthetic and hygienic surroundings of the homestead. Even 
the requisite qualihcations of agricultural officers and their 
assistants have been noted in detail. Erom the study of 
the sections on Yrikshayurveda in the works noted above as 
also the independent treatises on agriculture (Krishitantra) 
by Kasyapa, Parasara and Saraswata, fragments of whose 
works only have reached us, there can be no doubt that in 
ancient India not only the study of the medicinal plants but 
also that of the agricultural plants, including horticulture 
and plant-breeding, reached a very high standard of develop- 
ment. Bheshaja Yidya, a distinct study of plants and plant 
life with special reference to medicinal properties and use 
(Dhwannantari Nighantu) was coming into its own. The 
advance India made more than two thousand years back in 
agriculture, horticulture and other branches of applied botany 
is simply astounding. Howard^ mentions how with great 
care and skill the Indian cultivator grew a semi- aquatic crop 
like rice on the steep hill sides of India and Ceylon and how 
he developed different agidcultural methods and varieties of 
crops to suit the conditions of the soil and climate in the 
different provinces. All these, he says, cannot fail to com- 
mand our attention and respect. 

According to Roxburgh, the western world is indebted 
to India for teaching her rotation of crops. The effect of 
climatological and meteorological factors on agriculture was 
well known to them and they regulated the cultivation of 
crops accordingly. In meteorology, the Hindus used the 
rain-gauge in the weather forecasts of the year^. Thus we 
find that in ages long past and forgotten, the importance of 
meteorological studies in reference to agriculture was rea- 
lised. 

The ancients did not ignore the study of plant physiology. 
Their statements regarding germination, nourishment, trans- 
port, transpiration, assimilation, respiration, growth, move- 
ment, age, death, consciousness, sexuality and reproduction 
were sometimes astoundingly correct and the result of criti- 
cal observation; but in many places these were mixed up 
with philosophic speculations. Their great handicap was 
no doubt the absence of microscopes, and hence the detailed 
anatomy of the higher plants was unknown to them as also 
the structure of the minute organisms. IJdayana (Kiranavali 


Howard, A. —Presidential Address, Ind. Sei. Congress, Bom., 1926. 
® Seal, B. N. — ^Positive Sciences of the Ancient Hindus. 
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— chapter on Prithivipuranam) notices in plants ' the pheno- 
mena of life, death, sleep, waking, disease, drugging, trans- 
mission of specific characters by means of ova, movement to- 
wards what is favourable and avoiding w^hat is unfavourable 
Guxaratna enumerates various kinds of movements and ac- 
tions connected with sleep and waking. In Sankara Misra’s 
Upaskara and in Gunaratna's commentary on Saddarshana 
Samuchaya we find references to natural healing of wounds in 
plant organs. 

The science of horticulture attained a tremendously high 
degree of development. Practically all modern methods of 
plant propagation were known. Beside propagation by fruits 
and seeds (bijaruha) we find mention of propagations by roots 
(mulaja), by cutting (skandaja), by grafting (skandhe ropaniya), 
by apical portions, by budding (agrabija), by leaves (parnayoni), 
by joints as in reeds and sugarcane {'pholu-bijam), and also by 
layering. The last method is described in detail in One- 
sikritos and the others in various places in Big, Atharvan, 
Manu, Arthashastra, Brihatsamhita, Maskarin Gosala and 
Buddha Ghosha. 

The study of plant ecology was not neglected by the 
ancients. Charaka (B.C. 800) divides land into different re- 
gions according to the nature of the soil (edaphic conditions) 
and climate (climatic conditions) that determines the charac- 
teristic vegetation and also mentions the plants characteristic 
of each region. Charaka did not fail to notice that in some 
places a particular species predominated over others. These 
places have been given the name of the species dominating 
to the exclusion of others, e.g. where reeds abound, Nadvala; 
those abounding in vetra (ratans), Vetraswan; and so on. — 

Now regarding nomenclature and classification obtain- 
ing in ancient India, it is interesting to recall the remarks of 
Sir William Jones, the Founder-President of the Asiatic 
Society of Bengal, in which he says, * that Linnaeus him- 
self would have adopted them had he known the learned and 
ancient language of this country *. 

The Hindu classification of plants was based upon three 
distinct principles, viz., (a) botanical (Udhvida); (S) medici- 
nal (Tuechanadi) and (c) dietic (Annapanadi). ‘The ob- 
servations were no doubt mainly in the interests of Materia 
Medica and the classification was as superficial as possible 
(Seal)^’. 

Very few of the lower plants were noticed; but they^^ 
did not fan to study the mushrooms. These were no doubt 
studied for their gastronomic interest. No mention of the 
use of fungi is foimd in the elaborate medicinal treatises. 
In Susruta’s classification the mushrooms are put in the 
12th group (Udhvida group) as sprouting up from beneath 
the surface of the ground. Its properties according to place 
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of origin have been given. For example, palalam, i.e. those 
growing in straw * are sweet in taste and digestion and tend 
to produce a state of dryness in the organism. They sub- 
due the three deranged humours of the body', and harisham, 
i.e. those growing in cow-dimg * leave an astringent after- 
taste in the mouth. They aggravate the Yayu, and are heat- 
making in their potency The palalam no doubt is an aga- 
ric and the karisham a Coprinus sp., but only a few species 
were studied by them. In Bhavaprakasha, the mushrooms 
are described as Samsvedaja (moisture-born) and only the 
white variety has been recommended as vegetable, the rest 
being left out as poisonous. It may be noted here that the 
Mahomedans, who were great epicures, when they came to 
this country, had not only the mushrooms of the Udhvida 
group on their table but also those that remain buried. And 
just as hounds are employed in Europe in truffle-hunting, the 
Mahomedans employed cheetahs (leopards) for the same 
purpose. Even to-day, in one of the Mahomedan States in 
India, the practice is still continued. 

Mycologists and plant pathologists will no doubt be in- 
terested to learn that our ancient botanists and agriculturists 
not only recognised diseases in plants but also carried on 
treatment of those diseases. As they had no microscopes, it 
was not possible for them to recognise the disease-causing 
organisms which were then ascribed to environmental factors 
and they had to go by symptoms. We all know that the 
S3rmptoms in plant diseases are very much generalised and 
the same symptom may be shown by difierent diseases. 
They conducted a sort of general treatment for preventing as 
well as curing those maladies. Says Gunaratna in his com- 
mentary on Saddarshana Samuchhaya, ‘ Just as the human 
i^ody is subject to jaundice, dropsy, emaciation and defects 
;bf finger, nose, etc., so also plants suffer from various similar 
diseases. And just as by the application of the appro- 
j'piate remedies, unnatural growth, deterioration, wounds, 
Ifractures, etc., can be cured, so also in ’plants by application 
of proper drugs as prescribed in Yrikshayurveda S ankara 
Misra also in Upaskara notices application of drugs in 
plants. Yarahamihira gives the following signs, of the 
diseased condition in plants : — * When a plant is diseased 
leaves become yellow, buds do not develop or their growth 
becomes arrested, branches become dry and the sap exudes.’ 
Kasyap says, ‘ those plants that have yellow leaves, that are 
fruitless and denuded of leaves, and those caused by cold- 
ness, excess of heat, too much of rain and by the interming- 
ling of roots of different plants (root parasitism?) are to be 
known as diseased and are to be treated accordingly.’ 

‘For treatment of those diseases remedies have been 
prescribed, both preventive and curative. Even in Agni- 
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purana we find recipe for treating the barrenness of fruit trees, 
as also for promoting inflorescence, for ensuring the formation 
of yallaris, i.e. sprouting and growth of luxuriant stems and 
foliage. From the elaborate recipes given it will be seen 
that they were contrivances for supplying the requisite nitro- 
gen compounds, phosphates and * bacteria these being poten- 
tially contained in the mixtures and infusions prescribed ' 
(Eayi). 

The ancients believed that the plants had preceded ani- 
mals and men. This we find in the writings of Uddalaka, 
Yajnyavalkya and others. Buddha’s idea of evolution is not 
very far from the truth. After describing the formation of 
the sun, the moon and the stars and the planets from one 
hot mass, he continues, ‘ Meanwhile the cooling process goes 
on. As the juicy earth gradually becomes hardened, it loses 
its flavour and sweet taste but vegetation first of lower, then 
of higher grade evolves. Man descends at length from the 
heavenly ancestors — ^from the vital sun or the reflective 
moon 

It is interesting to note that Indian biologists more than 
2,000 years before Darwin and Weismann thought about the 
problems of heredity. In Charaka and earlier still in the 
Brahmanas, we find described what parental characters are 
transmitted to the offspring and how (SeaP). 

In these pages I have tried to put before you what India 
contributed towards world-knowledge regarding everything 
concerning plant and plant life during 2,000 years, beginning 
from about a thousand years before the birth of Christ to 
circa 1200 A.D. During that period India reached the height 
of her glory. Agriculture in the 4th century B.C., became 
a department of the government. Megasthanes, the Greek 
ambassador at the court of Chandra Gupta, pays an eloquent 
tribute to the standard of agriculture at that time and also 
the respect in which agriculture and the agriculturists were 
held. Even at the time of war, the combatants used to leave 
the agriculturists undisturbed as a matter of duty. Thus, 

‘ whereas among other nations in the contests of war to 
ravage the soil and thus to reduce it to an imcultivated waste 
is the practice, among the Indians, on the contrary, that is 
sacred and inviolable ; the tillers of the soil, even when battle 
is raging m the neighbourhood, are undisturbed by any sense 
of danger, for the combatants on either side in waging the 
conflict make carnage of each other but allow those engaged in 
husbandry to remain quite unmtolested. Besides they neither 


^ Ray — Ibid. 

* Vanaspati. The writer is indebted to Mr. Mazumdar, the author, 
for much of the above information. 

® Seal— Ibid. 
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ravage an enemy’s land with fire nor cut down its trees ’ — 
a thing which the modern civilised nations may very well 
emulate. Asoka too, as is clear from his edicts, looked upon 
the encouragement of agriculture not only as a political duty- 
hut also as a moral duty. But soon after the Buddhistic 
period, began the dark days of foreign domination and the 
consequent decline in her arts, science, and industries. The 
scientific principles underlying the art of agriculture came to 
be forgotten, and agriculture instead of being a concern of 
the State, a matter of expert knowledge, came to be the oc- 
cupation of the lowest stratum of the population with conse- 
quent stagnation and degeneration. ' From the time which 
marked the decline of Buddhism commenced the dark ages 
of India and for at least 1,000 years or more, India has been 
a tabula rasa so far as the cultivation of physical sciences is 
concerned ’ (Bay^). In that period we find no cultivation 
of botany or any of its applied sides and no botanical litera- 
ture of that period exists. Bay says, ‘With the decay of 
the Hindu and Buddhistic culture, an intellectual torpor 
took possession of the Indian mind and the spirit of enquiry 
after truth rapidly declined. Authority of the Shastras took 
the place of reason and clouded human intellect. A state of 
mind was thus fostered which was inimical to the study of 
science, which accepts things not on trust but on verification. 

‘ The Indian mind lay in this condition till the beginning 
of the 19th century when new conditions of things arose out 
of the establishment of British rule. This contact with the 
west brought in new ideas and new modes of thought in 
Indian life.’ 

I hope to be excused for dealing with past botany a little 
too elaborately, for I could not, like Sir George King, dismiss 
the whole as vague, obscure and unscientific.^ 

Indian botany was reborn as a result of contact with the 
west in the 18th and 19th centuries. The Portuguese who 
were the first Europeans to come to India did very little for 
botany. The reference to the earliest paper in Blatter ’s 
bibliography^ is to Acosta’s paper on medicinal plants pub- 
lished in 1578, The earliest reference to Indian botanical 
literature proper is perhaps that of Henry Van Eheede, the 
Dutch governor of Malabar who in 1676, made a large collec- 
tion of plants through the agency of a brahmin. The^e were 
sent to Cochin where they were figured and described in 
Latin and published as Hortus Malaharicus from Amsterdam 
in 12 volumes with 794 plates during 1686-1703. The 


^ Eay— Presidential Address, Indian Sci. Congress, Nagpore, 1920. 

“Sir Gr. King— Pres. Address, K. Sec., British Assoc., Dover, 1899. 
* Blatter — Journ. Bom. Nat. Hist. Soc., Vol. XX, No. 5. 
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descriptions were later pronounced to be correct by Linnseus 
(Bose^). 

Before the middle of the 18th century, the published 
works which were mainly descriptions of flowering plants, 
were on uni-nomial system. Here we find the names of 
Eumph, Pluxkett and John Bueman among others in the 
list of contributors. Herman's Cingalese collection was des- 
cribed by Linnaeus himself (Flora Zeylanica, 1747), and the 
bi-nomial system was introduced to India by Koenig, a pupil 
of Linnaeus. The arrival of Koenig in India in 1768 has 
been called the beginning of a new chapter by King, which 
continued till the arrival of Sir Joseph Hooker in 1848 when 
fresh impetus was given to botanical studies and a new 
chapter begun. 

John Gerard Koenig went out to the Danish settlement 
at Tranquebar (150 miles south of Madras) and he formed a 
society there called ‘ The United Brothers ' chiefly for the 
promotion of botanical study. Heyne, Klein, Bottler and 
later Fleming, Anderson, Berry, John, Eoxblrgh, Buchanan 
(afterwards Buchanan-Hamilton) and Sir William Jones 
were members of this ' brotherhood They exchanged speci- 
mens for study and also sent out specimens to Europe. These 
have been described by Eetz, Both, Schrader, Willdenow, 
Vahl and Smith. The French botanist Sonnerat and others 
sent out specimens from the French settlement at Pondi- 
cherry and these have been described by Lamarck and Poiret. 

The greatest event of this period in the history of bota- 
nical research in India was no doubt the foundation of the 
Eoyal Botanic Garden in Calcutta (1787). This was made 
possible through the exertion of Lieut. -Colonel Bobert Kyd, 
who was Military Secretary to the Governor of Bengal and^ 
a keen botanist. With the establishment of the Botanic 
Garden in Calcutta, a recognised centre of botanical activity 
in India was formed, and with it began an association of a 
series of very brilliant botanists to whom we cannot but look 
up with gratitude and respect. The scientists in India will 
be failing in their duty if they forget how much they owe 
to the Asiatic Society of Bengal which was established in 
1784 by Sir William Jones — a great orientalist and botanist 
who called ‘ botany the loveliest and most copious division 
in the science of nature \ For more than 100 years the 
Journal of the A.S.B. published most of the papers on 
natural history contributed by the Indian scientists at that 
time in a separate natural history volume. 

In 1798, after Kyd’s death, WHiLiAM Boxburgh of 
Koenig's United Brotherhood was appointed superintendent 
of the Calcutta Garden. He w'as the first to reduce the 


^ Bose, P. N, — Centenary Review, Asiatic Soc. Bengal, 1885 . 
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plants of the east to the form of a flora. After him, 
Nathaniel Wallich of Copenhagen became superintendent 
(1815) and worked for 30 years. Dr. Wallich flrst came as a 
Surgeon to the Danish settlement at Serampore and was 
taken prisoner when that place was captured by the English. 
His reputation as a botanist however induced the Govern- 
ment not only to liberate him but place him in charge of 
the Calcutta Botanic Gardens (Bose^). Wallich made vast 
collections which he took away to London. These along 
with the collections of Heyne, Bottler, Buchanan-Hamilton 
and Boxburgh were classified and named specifically by De 
Candolle, Kunth, Bindley, Meissner, Nees von Esen- 
BECK, Van Marius and Bentham. During Wallich's time, 
Bobert Wight was labouring in south India, and a Erench 
Botanist Victor Jacquemont, at the instance of the Paris 
Nat. Hist. Museum, travelled extensively in India, making 
large collections of plants (1829-32). Jacquemont died in 
Bombay, and his collections were worked out by Cambesse- 
des and Decaisne. 

The roll of eminent botanists, who worked in India during 
the first half of the 19th century, closes with Thompson. He 
made vast collections in the U.P., and the Punjab, and his 
work was incorporated both in ‘ Flora Indica ' and ‘ Flora 
of British India’. 

A second centre of botanical research was started in 
India in 1820 at Saharanpore when a large garden of a 
Mahomedan noble was taken over by the East India Com- 
pany. With it are associated the names of Go van, Boyle, 
Falconer and Jameson before the middle of the 19th century. 
Considerable work was done in the first half of the last cen- 
tury by Graham, Law, Nimmo, Gibson, Stocks, and Dalzbll 
in Western India; by Hardwicke, Madden, Edgeworth, 
Lance and Vickay in Northern India; by Jenkins, Masters, 
Mack, Simons and Oldham in Assam; and by Strachey and 
WiNTBRBOTTOM in Kumaun, Garhwal and adjacent Tibet. 

The next period of advance in botanical research began 
with the visit of Sir Joseph Hooker to India in 1848. He 
spent most of his time in India in exploring the flora of 
Sikkim along with Dr. Thomas. His Flora of British India 
was published between 1872 and 1897 with the assistance of 
Baker, Sir W. Thiselton-Dyer, Bennet, Anderson, Edge- 
worth. Hiern, Lawson, Masters, Stapf and Gamble. Since 
Sir Joseph Hooker’s visit to India, very important work has 
been done by Clarke and Anderson. Sulpiz Kurz has also 
contributed to the forest flora of Burma* along with Burness, 
Mason and General Sir Henry Collet. Aitchieson in 1867 
published the list of the Punjab plants. Stewart, Beddome, 


^ Bose, P, lii.—Ihid, 
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Sir D. Brandis, Talbot and Gamble, all of tbe Indian Borest 
Department, were making important contributions to Indian 
botany. Other forest officers of note before the close of the 
19th century are Lace, Heinig, BIaenbs, McDonell, Ellis, 
Olivee, Upendea Nath Kanjilal and Boijrdillon (of Travan- 
core). During this period, Noton, Perrotet, Metz, Hohena- 
cher, Schmidt, Bidie and Lawson worked in Madras. The 
Poona herbarium in Bombay Presidency was now started 
through the exertions of Cooke, Woodeow, Eanade and 
Lisboa — all enthusiastic botanists. J. E. Duthie at Saha- 
ranpore (after Jameson in 1872) and McClelland (1848), 
Falconee (1848), Jameson (1855), xIndeeson (1861), Claeke 
(1870), King (1871), and Peain (1897) at Calcutta were con- 
tributing to botanical literature during the latter part and 
close of the 19th century. Fossil flora was first system- 
atically surveyed by De. 0. Feistmantel at this time. The 
Botanical Survey was formed about 1890 in which the four 
establishments of botanical research at Calcutta, Saharanpore, 
Madras and Poona were incorporated without taking away 
their individual control. The Eecords of the Botanical 
Survey began to be published, as also the Annals of the 
Eoyal Botanic Gardens, Calcutta. 

Next to taxonomic work, in this period, we find that good 
work on economic botany has been done. In 1883, Govern- 
ment created the post of ‘ Eeporter of Economic Products of 
Government of India De. Geoege Watt of the Bengal 
Educational Service w^as appointed to that post, and he com- 
piled the ‘ Dictionary of Economic Products ' in which not 
only vegetable but also animal and mineral products were 
included. 

The tea industry in India was established through the 
efforts of the botanists. In 1826, David Scott showed that 
tea grew wild in the forests of Assam, and in 1835, Walligh, 
Geifpith and McClelland were deputed by the Government 
to visit Assam and report on the indigenous tea; and as a 
result of their efforts, the tea industry was established in India. 
In the introduction of cinchona also, the botanists played 
their part. On being pressed by Eoyle, Falconee, Thompson 
and Andeeson, the Government took action, and through 
the labours of Sir Clement Markham and Hooker, the medi- 
cinal cinchonas were introduced into India between 1861 and 
1868. 

The 'history of the introduction of rubber into India is 
quite interesting. In 1876, H. A. Wickham, without any 
authority, pledged the credit of the Government of India to 
charter a new ship, and before the Brazilian government 
could know of anything smuggled out from the mouths of 
the Amazon a good quantity of the seeds of Hevea. He 
brought these to Sir Joseph Hooker at Kew. These were 



282 


Section V, Botany. 


( 10 ) 


grown ill tli6 Orcliid hiousGS Bit Ivew and. tliGii shippod to 
India, Cevlon and Singapore. The Botanists have also taken 
a leading'part in another economic enterprise of the Govern- 
ment, viz. the Forest Department. In its“ earlier years, bota- 
nists like Gibson, Dalzbll, Cleghorn, Anderson, Stewart 
and Brandis moulded its character. 

In the botanical researches of the 19th century and ear- 
lier, we find very little work done in cryptogamic botany. 
Besides Griffith, Clarke and Hope, Beddome contributed to 
our knowledge of Indian ferns. In concluding his address, 
Sir George King said, 'As regards cryptogamic botany, 
there is little to relate. Except Griffith, no Indian botanist 
before 1850, did any serious work amongst non-vascular 
cryptogams. After that period, two have done excellent work, 
viz. Dr. Arthur Barclay and Dr. D. Cunningham Barclay 
w^orked mostly on uredinous fungi, and Cunningham described 
several diseases of plants caused by fungi as well as by an 
alga. Mitten’s work on Indian mosses (1859) is also notable. 
King^ regretted that in the past cryptogamic botany had not 
been studied in India as it ought to have been or might have 
been. 

The 19th century is now past; let us see what we have 
been doing since the beginning of the 20th century. 

For the first ten or fifteen years of the present century 
we find that the original papers contributed are almost all 
confined to the European members of the higher services. 
That is nearly fifty years after the establishment of the 
j bigger universities in India, Indians were not contributing 
anything materially in the field of botany or any other science. 
Ajrekar- rightly pointed out that ' this state of things is the 
heritage left to us by the early British administrators, who 
in organising the educational institutions in India aimed at 
nothing higher than producing candidates for services in the 
subordinate ranks and persons who would be just good enough 
to act as interpreters between the rulers and the ruled'. 
Even when research institutions were established, Indians 
did not get opportunities for research; they were thought to 
be lacking in capacity for original work. Ajrekar mentions 
the slogan ' that Indians are inherently incapable of inde- 
pendent research work and they can at best be fitted to 
work as assistants in research ’. Sir J. C. Bose’s life is a 
noble and inspiring example before us of how it is possible 
to produce original work against great odds, and his first 
paper read before the A.S.B., in 1895, really marks the begin- 
ning of the 'reproductive period’ (Ray®). Indians are again 


^ Sir G-eorge Xing — Ihid. 

^ Ajrekar, S. L. — Pres. Address, Ind. Bot. Society, 1927. 
® Bay— Nagpur Sci. Congress, 1920. 
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contributing towards world knowledge in all branches of 
science, and nobody dares to question to-day the Indian's 
capacity for original work in the scientific field. 

The growth of national consciousness amongst Indians 
contributed materially in bringing about this change. Indians 
went abroad in large numbers for studying science and spe- 
cialised in different branches. Conditions in the government 
research departments for the pioneers were no doubt very 
discouraging. They were being relegated to subordinate 
positions and did not get proper facilities for research, 
Indians looked forward to the universities, and with the es- 
tablishment of newer universities and encouragement of re- 
search in the older ones, they found their footing. To-day 
there are 18 universities and a large number of constituent 
colleges, and in many of these institutions research work is 
being conducted by Indians. Though research in botany 
has not found so many votaries as in chemistry for various 
reasons, it is nevertheless thriving healthily. Practically in 
all branches of botany, research is being carried on to-day. I 
come from the Pimjab, and it is but natural that in review- 
ing the botanical work in the different Indian universities I 
should start with the Panjab University. It is a privilege ^ 
to me to welcome our general president, Professor S. B. 
Kashyap, a botanist from the Punjab. I need not tell you 
about his life-long services for the promotion of botanical 
research. To-day liis pupils are occupying important teach- 
ing and research posts throughout the length and breadth of 
the country. Besides Prof. Kashyap, Ghosh and Chaudhuri 
have been carrying on research and guiding research students 
in algology and plant pathology. Research work has got 
a special impetus in the Panjab University in that in those 
subjects in which three years' honours schools have been 
established, the Master's degree is awarded only on the 
merits of research work done. In spite of difficulties in many 
of the affiliated institutions, research is being done by the 
teachers, e.g. Stewart in Gordon College, Pindi; Sethi in 
Multan College; Anand in S. D. College, Lahore. In Lyall- 
pur where M.Sc. in Agriculture is given only on the result 
of research done, Luthra has been working on physiology 
and plant breeding. A briUiant life was cut short by the 
death of Kicpa Bam Mohindra of the same college who 
started contributing and guiding research in mycology after 
his return from Europe recently. 

In Agra University, Mehta has been doing iaterestmg 
and important work on wheat rusts and Maheswari in Plant 
anatomy. 

In Lucknow University, Sahni has the distinction of 
being the only botanist doing important work in palseo- 
botany and had the privilege of presiding over the deliberations 
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of both the botany and geology sections of the Indian 
Science Congress. " Mukerji has been busy utilising his 
expert knowledge in dealing with ecological problems, and 
Chowdhury, Pande, Singh and others are dealing with various 
aspects of the subject. 

In Allahabad University, we have Mitter in mycology, 
Shri Eanjan in physiology, and Dudgeon in ecology, mor- 
phology and cytology conducting and guiding research work. 

In Benares Hindu University, Inamdar and his disciple 
B, N. Singh have been contributing in physiology, Tewari 
in morphology and Bharadwaja in algology. 

Of the five university centres in the U.P., viz. Alla- 
habad, Lucknow, Benares, Agra and Aligarh, we find re- 
search schools in botany firmly established in the first four. 
It is a pity botany has not flourished so well in the last named 
university centre. Yery recently, however, Eafique, on his 
return from Europe, has started research in physiology and 
we hope Aligarh will soon become a centre of research work. 
Outside the university, we have Allen’s work on characese 
and Kenoyer’s on ecology to mention. 

The only place for botanical research in Behar and Orissa 
under the Patna University is Cuttuck where Parija is work- 
ing in physiology. 

Of the two imiversities of Bengal, viz. Calcutta and 
Dacca, no higher teaching in botany is done in the latter. 
In the former the first university chair in botany was occupied 
by Briihl, who began his botanical contributions in the early 
seventies. His disciple and collaborator Biswas, now Cura- 
tor of the Herbarium, Boyal Botanic Gardens, is making 
notable contributions on algology. In the university la- 
boratory, Agharkar in ecology and morphology, and I. Banerjee 
in cytology, and in the Presidency College, S. C. Banerjee, 
Mazumdar, Sen and K. Banerjee have been contributing 
original papers. In the Bose Institute, Sir J. C. Bose and 
his assistants have been busy probing the mysteries of plant 
life, and in the Carmichael Medical College, S. E. Bose has 
been silently engaged in increasing our knowledge of the 
Bengal polyporacess. 

In Eangoon University where higher botanical studies 
were inaugurated by Ghosh, original papers are being con- 
tributed by Handa and Prasad after Ghosh’s return. 

In Nagpur University where higher studies in botany 
began only recently, Nirula has been doing good work in 
algology. In the Agricultural CoUege, Dastur (J. F.) has been 
making valuable contributions in mycology, and Mahata has 
interested himself in economic botany. 

From Madras University, Fyson in angiosperms, Iyengar 
in algology, and Ekambaram in physiology have been making 
valuable contributions. 
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In Mysore University, Sampatkumaran and his pupils 
are working mainly on cytology, and certain aspects of the 
spike disease are being investigated in the Indian Institute 
of Science at Bangalore. 

In Bombay University, Blatter in taxonomy, Ajrekar in 
mycology, Dastur (E. H.) in physiology have been busy con- 
tributing and guiding research work. Saxton and Sedgwick 
were till recently contributing from Bombay. In the agri- 
cultural and horticultural departments of the states and the 
government, we have Uppal, G. S. Kulkami, Likhite, 
Cheema, Patel, Prayag, Kottur, Thadani, Bhide and others. 

In the newer universities of Andhra and Annamalai as 
well as in the Osmania University and in the Imperial Uni- 
versity of Delhi, no higher teaching or research in botany 
is done. These universities, let us hope, will not be late in 
realising the importance of botanical studies and soon arrange 
for it. Our neighbours in Ceylon have not neglected botany; 
from Colombo, BaU, Sarbadhikari and Petch among others 
have been making valuable contributions. 

The above is only a brief list of the botanical workers in 
the different imiversities. Though many names have been 
missed, I have tried to show that botanical researches in 
their various aspects are no longer neglected and that the 
opportunities of botanical research in India pointed out by 
Dudgeon are no doubt being increasingly seized. At pre- 
sent, besides the universities which have greatly helped to 
stimulate research amongst Indians, valuable vrork is being 
done in the Agricultural and Forest departments as well as 
m the Botanical Survey. Gage, Calder, Deb-Barman, 
Eamaswami, Biswas, Hooper, Carter of the Botanical Sur- 
vey; Stebbing, Troup, Hole, Gamble, Bamber, Parker, 
Bagchee of the Forest department; Butler, Howard, Mrs. 
Howard, McEae, Shaw, Dastur, Mitra, Bums, Hector, Sabnis, 
Sundararaman, Eanga Achari, Pillay, Joshi, Narasimham, 
cind Eao of the Agricultural department among others have 
made valuable contributions in different branches of botany. 
Kirtikar and Basu’s ‘ Indian Medicinal Plants ' is a great 
contribution. 

The Indian Botanical Society, founded in 1920, and the 
Journal of the Society, as also the Indian Science Congress 
under whose auspices we meet to-day, have given great 
impetus to young botanists for research, and we are thankful 
to them. 

The establishment of the Imperial Agricultural Eesearch 
Institute at Pusa and the Forest Eesearch Institute and 
College at Dehra Dun are important events of the present 
era, for at the beginning, research was almost exclusively done 
by the members of the Imperial Services. 
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No longer are the lower plants neglected. They are re- 
ceiving more and more attention every day. Dudgeon among 
other things mentioned about the work done in various groups 
of the lower plants (1922) and Iyengar dealt exhaustively 
with work on algology (1928). Mehta discussed the inci- 
dence of rust in the U.P. (1929). Kashyap’s Liverworts 
(1929) and Briihl’s Census of Indian Mosses (1931) are valu- 
able contributions. 

In the addresses delivered before the Indian Science 
Congress, Hole (1918, Botany), Finlow (1925, Agriculture), 
and Howard (1926, General President) made references to 
plant diseases. Both Hole and Howard advocate the study 
of the ecological factors more fully in connection with the 
control of diseases since, as Hole pointed out, factors like 
water deficiency and aeration not only can kill plants but 
making them sickly render them liable to attack of one or 
more organisms. Finlow suggested research with a view to 
find out the efiects of certain salts on plant diseases. We 
Imow the three factors — ^host, parasite and the environmental 
conditions all play a part in the production of disease and ‘ the 
physical factors of environment are often of considerable and 
in some cases of paramount importance in the inception and 
spread of disease in plants ’ (Pethybridge^). As I am more 
interested in the study of plant disease, a subject in which 
not only the botanists but also the agriculturists are interested, 
I claim your indulgence to speak a little more about mycolo- 
gical work in India. 

In recent years considerable work has been done in India- 
on plant diseases mainly in the agricultural research insti- 
tutes and colleges. But it is no longer confined to those 
departments. The universities and colleges are taking their 
proper share of work in this branch also. Fungi and diseases 
of plants form part of the curriculum of higher courses of 
botany in many of the universities to-day, and contributions 
in mycology are being made regularly from the Panjab, 
Agra, Allahabad, Bombay and Calcutta universities. In 
the Panjab University, the honours school students have 
to undergo a compulsory course in plant pathology, and many 
students take up research work in that branch for their M.Sc. 
degree. But more work on plant diseases should be associated 
with the various universities, and in co-operation with the 
agricultural and forest departments much more useful work 
I could be done. Whh the increase in mycological work, the 
! establishment of an rndian Bureau of Mycology has become 
I an imperative necessity. The Bureau should not only sup- 
';ply information, and literature but also maintain a culture 
station of tropical fungi on the lines of the Culture Bureau 


' Pethybndge—Presidential Address, British Myco. Soc., 1927 . 
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in Holland. This, if properly done, will go a long way in 
helping higher work in mycology in India. The cryptogamic 
departments of the British Museum at South Kensington and 
the Kew Gardens, though mainly doing taxonomic work, are 
a great help to workers abroad, and one can always look for- 
ward to Mr. Eamsbottom or Miss Wakefield for ungrudging 
help. But conditions in India are very ^ifierent in the cor- 
responding departments. Hence the urgent necessity for 
an Indian Bureau of Mycology. The newly constituted Im- 
perial Eesearch Council has given a great impetus to the 
study of applied botany. Among others, the Agra and the 
Panjab Universities have been fortunate enough to secure 
grants for investigation of certain problems on plant diseases. 
It has also sanctioned a scheme for the investigation of the 
mosaic disease of sugar-cane. Very little work on the virus 
diseases of plants has been done in India, though they are 
by no means of rare occurrence. The problems are numerous 
and difficult to solve in the tropics, since experience of the 
west cannot always be applied here and ‘ few tropical countries 
have as yet progressed far in the study of plant disease ’ 
(Butler^). 

To the Indian mycologists the work of Butler will always 
stand as an inspiration. He first came to this country as 
a cryptogamic botanist to the Survey in 1901 and was posted 
in the Calcutta Garden. Soon after, he was transferred to 
Dehra Bun to the newly-formed Imperial Department of 
Agriculture, and when the Institute at Pusa was built (1905) 
he was appointed the first Imperial Mycologist. There has 
been no mycological work in pre-Butler days except descrip- 
tions of fungi, causing diseases of plants by Barclay and Cun- 
ningham to which reference has already been made. Eandom 
descriptions of fxmgi published during the latter half of the 
19th century are those of Currey, Cooke, Berkley, and 
Kirtikar among others. The Indian Tea Association founded 
a scientific department in 1900, and many diseases of tea 
have been worked out by Watt and Mann; and now they 
have a mycologist in Tunstall. The South Indian planters 
have also a mycologist and some of the Indian States too. 
Coleman, the Director of Agriculture, Mysore, first came as 
a mycologist there. Soon after Butler joined Pusa, other 
posts of mycologists were created there. Many parasitic 
diseases of cereals, pulses, root crops, oil seeds, drug and 
spice crops, fibres, palms, sugar-cane as also the chief planta- 
tion crops of tea, rubber and coffee have been studied; but 
the diseases of tropical fruits and forest trees have not been 
intensively studied. A forest mycologist has been appointed, 
and Bagchee has already done good work regarding pine-rust. 


^ Butler — ^Presidential Address, Brit. Mye. Society, 1929. 
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The importance of economic mycology in an agricultural 
couhtry like India cannot be over-estimated. There are over 
80,000;00Q acres under rice and over 30,000,000 acres un- 
der wheat in India ; and in a normal year India exports nearly 
£150,000,000 worth of tea, jute and cotton. The losses due 
to diseases are simply enormous. The smut of jowar alone 
causes a loss of ov^ a million pound sterling in the Bombay 
Presidency and ‘ practically the whole of this is preventible ’ 
(Butler^). This is mentioned simply to show what enormous 
losses even due to a preventible disease are suffered by the 
country. The number of mycologists in this country is too 
small and quite inadequate for the requirements of the coun- 
try. There are only about a dozen mycologists in Govern- 
ment employment, but instead of appointing more, vacan- 
cies in a number of posts for mycologists have not been filled 
up and not all the provinces of India have their own mycolo- 
gists. It seems those in authority do not realise the import- 
ance of plant protection: to what else could this indifierence 
]be due ? Schemes sanctioned by the Imperial Agricul- 
tural Besearch Council after much deliberation for various 
agricultural developments have been held up. 

To-day the brunt of the research work in India in all 
branches of science is being rightly borne by Indians. 'The 
work they have done has not o^y brought credit to India, but 
gropaises to be of real national importance .... India to-day 
needs the services of these yoxmg men and India to-morrow 
will regard; the training and experience they are acquiring as 
prjee]less national assets ... It is a great misfortune for India 
to-day that in her higher administrative circles there seems 
to exist an insufficient appreciation of the close relation be- 
tween scientific research and national welfare .... It is an 
easy thing, a fatally easy thing to do, to destroy the career 
of a young man of science by administrative action. But to 
create a man of science, possessing sufficient knowledge and 
experience to be useful to his country, needs long years of 
pr^aarationi and cannot be done at short notice by a stroke of 
the administrative pen . . . Curtailment of scientific research 
activities because of insufficient appreciation of their import- 
ance will prejudice the future of science in India and be disas- 
trous to the best- interests of the country. ’ 

* The above warning was uttered by one of the greatest 
Indian scientists of the day, Sir C. Y. Baman, in a meeting 
l^t August in Bombay over which His Excellency the Gov- 
ei^r lOf Bombay presided. But this apathy towards science 
is' not peculiar to this country. Pethybridge in his presi- 
dential address to the British Mycological Society (1927) said, 
‘ A’ 'general apathy , towards science^ a positive dislike to it in 
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some quarters, our habit of “ muddling through our diffi- 
culties somehow and of stupidly being proud of doing so, have 
been characteristic of this country in the past; and much has 
yet to be done to enlighten not only the man in street, but 
also some of those in high authority, of the rightful place of 
Science in our national life.’ If that is true of Britain, it is 
’much more true of our country. The scientists in this coun- 
try, however they may dislike it, will also have to enlighten 
not only the man in the street but some of those in high 
authority of the rightful place of science in our national 
life. 

The development of Indian botany is in the hands of 
the Indians once again to-day. Whatever may happen, let 
us hope that the hands of the clock in the progress of botani- 
cal research in India will never be put back. We, the 
seekers after truth of plant life in India to-day, will not 
lag behind the rest of the world in the forward march of 
science. 

I thank you all for a patient hearing. 




Section of Botany. 

AbstTacis . 

ALGAE. 

1. A contribution to our knowledge of the Diatomaceae of 

the Punjab. 

S. L. Ghosk and Abdul Majeed, Lahore. 

The systematic study of the Diatoms inhabiting the soil and fresh 
water has not so far been attempted in India, A fairly large number ol 
samples were collected from diverse parts of the Punjab from October 1930 
to April 1931. In this paper nearly 60 species, representing 16 genera, 
with details of specific characters are recorded and their figures given. 
A map showing the principal localities of the collection is also appended. 
A short sketch of distribution and occurrence of these species is also ^ven. 
Bare wet garden lawns harbour a few species of Nitzschia and Navicula^ 
Ponds, pools and tanks are the most productive places and epiphytic diatoms 
also form an interesting part of the study of the Punjab Algae. 

Species of Surirella which are also common in other districts have not 
been found in Lahore, whereas species of Bhopalodia and Bpithemia were 
obtained only from Lahore and its outskirts. 

It is of interest to note that species of Asterionella and Tabellaria 
which are so prevalent in Europe have not been so far found in the Punjab. 

2. The study of the Diatoms in India. 

K. Biswas, Calcutta. 

In attempting to study the Diatom flora of this country the author 
felt first of all handicapped as usual for want of literature. This has bep 
overcome to a considerable extent due to the author’s having at Ms^ dis- 
posal the splendid library of the Boyal Botanic Garden and obtaining 
advantages of literature available in other libraries in Calcutta. But the 
need of a list of published Indian Diatoms was realised for easy reference 
and I have therefore prepared a census of all genera published up till 
late years together with an estimate of total number of species under each 
genus in relation to those which are likely to occur in India. It has been 
estimated that only about 38 genera and 164 species of Diatoms have been 
reported from India, Burma, and Ceylon up till now out of 133 genera 
whose representatives are likely to occur in India. Of these 133 genera 
5.750 species have been recognised. Thus less than about 8 per cent, of the 
species of Diatoms are known from India. But considering the vast coast- 
line and climatic conditions of our country I may reasonably expect at 
least 25 per cent, of the species to occur in India. The writer’s observations 
on the ecology of freshwater and brackish water Bacillariophyta have also 
been dealt with briefly in this paper. 

3. On a new species of Gomphonema. 

A. Majeed, Lahore. 

The writer has found a new species of Gomphonema growing as an 
epiphyte on aquatic plants in the tanks of the Shalimar Garden, Lahore. 
It differs from the other species in many respects, especially in (1) the 
gibbous middle region and narrow base, (2) apex pinhead-like, (3) striae 
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parallel, but slightly converging in the middle, (4) narrow axial area with 
stigma quite apparent, (6) individuals occurring singly, in twos or in 
threes on mncilaginons hyaline stalks. 


4. A note on the peculiar movement of a species of 

Navicula. 

A. Majeed, Lahore. 

This species occurs in abundance in the Punjab and is extremely 
interesting. The individuals exhibit peculiar movements when fresh 
material is examined under the microscope. Some (3 or 4) arrange them- 
selves in an irregular zig-zag line, which after a few seconds breaks up to 
form a star-like figure. The motion is always accompanied by jerks. The 
movement has not been studied in full detail, therefore no explanation 
can be put forward at present. 

5. On a collection of Algae from the Salt Eange, Punjab. 

S. L. Ghose and Abdul Majeed, Lahore. 

The collection was made by Drs. S. L. Hora and H. S. Pruthi, 
and kindly lent to us for examination. Samples were taken from nine 
different stations on a stream of water gradually increasing in salinity. At 
one end of the stream the water was absolutely fresh and drinkable; it 
showed a large number of species of Algae, belonging to the genera 
Spirogyra, Oedogonium, Cosmariumy Cymhella, Denticula, Gomphonemay 
Naviculay Bhopalodiay Synedra, Nitzsehia, GhroococcuSy and HomoeothriXy 
while in very salty places only sjjecies of Enter omorphay Chaetomorpha 
and CoGconeis seem to flourish. A list of species found at Merent stations 
is given in the paper. 

6. Notes on a collection of Algae from Shillong. 

K. Biswas, Calcutta. 

Dr, S. P. Agharkar during his botanical excursions in Shillong and 
Cherrapunji in the beginning of October, 1926, made a small collection of 
mostly blue-green algae of sub-aerial habit and a bottle of preserved 
material *of what appeared then to be a species of Batracliospermum and 
was kind enough to place his gathering at my disposal. 

The following remarks have been made by Dr. Agharkar on the nature 
of the habitat of these algae : — 

‘ The Cyanophyceae form a fairly thick matted felt at the 
base of a number of species of phanerogams which form an association 
which is found to be characteristic of the flat plateau-like portions 
surrounding the dak bungalow at Cherrapunji and elsewhere. The 
phanerogamic species are very varied and are mainly composed of some 
grasses together with two species of Eriocaulon, one species of Xyris, two 
species of Impatiens, and two species of Utricularia (one yellow flowered 
and the second rose coloured flowers and others).’ 

The blue-green algae were alive and were soon placed in suitable 
media for culture. "Within a short time beautiful growth was observed 
and without much difficulty about a dozen algae were separated from the 
beds. Among these, Lynghya trunicola Ghose, var. Burmense Ghose, 
mixed with Microcoleus cUthonoplastes gathered from a meadow in 
Shillong were present. The preserved specimen of the freshwater Rhodophy- 
ceae collected from the Crinoline Falls at Shillong proved to be of parti- 
cular interest to me as it represents, perhaps, a new species of Sirodotia a 
more primitive genus than Batrachospermum bearing, however, a close 
morphological relation with it. Up till now only a few species of this genus 
have been recorded, mostly by Dr, H. Skuja of Latvia University. This 
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species was established by Kylin in 1912. The snb-aerial Algae of Cherra- 
punji were collected mostly from a flat meadow at a height of 4,(X)0 
h. on the top of a hill and they illustrate the usual nature of their occur- 
rence. Thus in Cherrapunji Ijyngbya aerugineo-eoerulea. Porpherosipkon 
Notarisia with its well marked pink sheaths and an interesting specimen 
of Schizothnx (cf.) thelephoroides and other members of Scytonemateceae 
evidently formed a mixed association. Stigonema aerugineum was ob- 
served to spread as a carpet on the ground and its growth in the culture 
too was pronounced within a few days. 


7. A short note on soil Algae. 

GimcHURN Singh, Lahore. 


The cultures were set up in small conical flasks. In each flask 
Bristol’s culture medium was introduced to a depth of about | of an inch 
and a few grams of the soil were also introduced by means of a sterile 
spatula. These flasks were placed in a glass box and exposed to diffused 
light. The green scum appeared after a month. 

Following algae were isolated and described. 


Gloeothece memhranacea. 
Aphanocapasa virescens. 
Chroococcus minutus. 
Camptothrix repens. 


Nostoe sp. 
OsciUatoria sp. 
Protococcus viridis. 


8. Some members of Codiaceae from Pamban. 

L. N. Eao, Bangalore. 

During September 1930, several specimens of Codiaceae were collected, 
some of them in excellent condition of growth and belonging to three 
different families. Since their occurrence has not been reported from this 
group of islands, an account of their distribution, habit and structure of 
the thallus is given. The chief forms dealt with in the paper are species 
of Udotea, Penicillus and Aurainvillea. 

(Specimens were exhibited at the time of the meeting.) 

9. Contribution to our knowledge of Indian Algae lY. 

Systematic and morphological studies in Zygnema. 

E. L. Nirxjla and P. L. Ananu, Lahore. 

v 

Collections have been made from Lahore, Nagpur and Tibet. So far 
about half a dozen species have been described. Some species show the for- 
mation of only parthenospores. In others distinct lateral or scalariform type 
of conjugation has been observed, the zygote being always formed in the 
conjugation canal. 

A very interesting observation has been made in one of the species 
which shows both the scalariform and lateral types of conjngation side by 
side in the same filament. This observation is rather important since the 
classification of Zygnema is chiefly based on the two types of conjugation. 
A full discussion on its bearing on classification is given. 

10. A species of Dicbotomosiphon from the Punjab. 

M, C. Sethi and E. P. Shotjri, Lahore. 

Collected from Topi Park, Bawalpindi; attached to stones in large 
tufts. Branching, though clearly dichotomous, sometimes three branches 
are given, specially in connection with sex organs. Oogonia and antheridia 
develop on the same branch. The oogonia are terminally formed and the 
antheridia laterally. Tubers or asexual spores are not seen. 
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11. Monostroma sp. 

M. C. Sethi a^id B. P. Shouri, Lahore. 

A species of Monostroma (probably a new one) from Kashmir is 
described- Many of the thalli examined show tube-like structures con- 
taining a Crustacean. 


12. Preliminary survey of the algal vegetation at Bwarka. 
H. P. Chowdhury, Lucknow. 

Dwarka is very rich in marine algal vegetation. A large collection, of it 
has been taken away by Borgessen who is at present working on it. He 
has recently brought out a paper dealing with the Chlorophyceae and 
Phaeophyceae from the shores of the Presidency of Bombay and his paper 
on the Bhodophyceae has probably by this tim e come out. 

A trip was made in January, 1930, with a party of post-graduate 
students and a collection was made of some of the littoral forms or forms 
washed ashore. The collection was harried as the time at our disposal 
was very short. The following have so far been identified. The deter- 
mination of species is extremely difficult without the help of proper 
literature and type specimens, and has been in most instances left over 
to be completed whenever facilities are available. 


Col'pomenia stellata. 
Sargassum sp. 
Eudesme sp. 


Phaeophyceae. 

Ectocarpus Mitchellae. 
Hydroclathms Cancellatus. 
Padina Commersonii. 


Rhodophyceae, 


Polysiphonia — several species. 
Champia sp. 

Rhodymenia sp. 

Chrysomenia umria. 
Phyllophora sp. 

Chondria sp. 

Scinaia sp. 

Amphiroa sp. 

Halymenia sp. 

Gelidium sp. 


? Grateloupia sp. 

Liagora sp. 

Hypnea musciformis. 

? (hiffithsia sp. 
Ltthothamnion sp. 
Gracilaria sp. 

Laurencia sp. 

Asparogopsis sp. 

Galaxaura sp. 

Leveillea jungermannioides. 


BACTERIA, FUNGI, AND LICHENS. 

IS. Citrus canker, due to Pseudomonas citri, in the Punjab. 
^ B. S. Johar, Lahore. 

Citrus canker is one of the most destructive diseases noticed in the 
citrus fruit gardens. Malta, lime, orange and lemon plants are all suscep- 
tible to this disease. It is a bacterial disease caused by Pseudomonas citri. 
The canker spots on leaves and twigs and fruits have a glazed margin with 
an oily appearance surrounding the eruption and a crater like appearance 
which is noticeable with a hand lens. 

The causal organism was isolated from the citrus canker lesions from 
the leaves, twigs and fruits on the sterilised potato chips. The charac- 
teristic yellow colour with a white margin of the culture is diagnostic test 
for the organism. 

Inoculation tests were done on the young orange, malta, lemon and 
lima plants in the Grovernment Lawrence Grarden nurseries. Cankerous 
spots appeared vritliin twelve days. On fruits of lemon, orange, malta the 
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spots appear on the surface without causing any actual rot and so impair 
the market value only. 

•The affected plants were sprayed with Bordeaux mixture (4 : 4 : 50 and 
3 : 3 : 60) and also with Bordeaux oil emulsion. The stronger Bordeaux 
and the emulsion prevented further spread of the cankerous spots that 
season. 


14. On Clostridium Pasteurianum, 

J. Sen" Gupta, Calcutta. 

Baw cultures were made in suitable culture solutions from samples 
of soil from Calcutta and suburbs and Clostridium Pasteurianum obtained. 

Potatoes inoculated with the samples of soil produced a rich growth of 
Bacillus Amylobacter {Clostridium Pasteurianum). 

Pure cultures were obtained in solid media under anaerobic conditions 
and the different stages studied. 


15. Myxobacteriaeeae. Kote on a species of Myxococcus 

found in Lucknow. 

H. P. Chowdhuby, Lucknow. 

Mention is made for the first time of a species of M;pococcus found 
accidentally growing on horse-dung left for the culture of Pilobolus. It has 
a small almost a globate structure of about a mm. in diameter orange 
coloured or bright yellow in colour. It does not seem to be any of the 
species mentioned by Thaxter in Ms papers. 

Whether it is a new species or an old one remains to be seen when 
further literature is available. 

16. Morphological and physiological characters of the 

root-nodule organisms of a few leguminous plants 
of Lahore. 

B. C. Sawhney, Lahore. 

Organisms from the nodules of five species, viz., Melilotus indica^ 
Medicago denticulata, Trigonella faenum-graecum, Lathyrus aphaca, and 
Alhizzm lehhek were isolated in pure cultures and studi^. 

Organisms can grow on a large number of media but yeast-water 
mannite agar (Waksman), with pH value fixed at 6-8 is the most suitable. 
All the five strains agree very closely in cultural characters with each 
other. The efficiency of different media for the growth of nodule organisms 
was studied. Teast-water mannite agar is the most and Bichardson’s 
medium the least efficient. 

In pure cultures all the five strains form minute short rods which 
divide rapidly by binary fission. Involution forms so common in the nodule 
were not observed in pure cultures. Flagellation is monotrichic in Alhizzia 
lebhek strain, the single flagellum being attached to one comer of the 
rod. 

All the five strains liquefy gelatine and coagulate milk. None deco- 
lourizes vital red or forms gas either with Lactose or Dextrose. Albizzia 
lehhek and Lathyrus aphaca strains form copious amount of gum in liquid 
bean extract culture. Alhizzia lehhek strain also forms gum but not in so 
large a quantity. Upper thermal death point for Melilotus indica strain 
was found to lie between 55" and 56"G. 

Cultural, morphological and physiological characters of the organisms 
do not justify their separation into different groups. 
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17. Cross-inoculation studies with the root-nodule 

organisms of a few leguminous plants of Lahore. 

E. C. Sawhney, Lahore. 

Sand and agar culture methods were employed for growing plants 
for inoculation experiments. The technique in both cases was much 
improved. Inoculations were always carried in lots of ten. 

Each of the three strains from the three species of Trifolas (?) [viz., 
Melilotus indica^ Medtcago denticulata and Trigonella faenumgraecum) 
forms nodules with the other two species besides its own parent. Eesults 
of cross-inoculation experiments, therefore, confirm the conclusions from 
morphological and physiological studies as far as these three species are 
concerned. 

Our conclusions, however, have to be modified in respect of other 
two strains. Albizzia lehhek strain does not form nodules with Lathyrus 
aphaca or Trifolae and Lathyrus aphaca strain does not form nodules with 
Albizzia lehhek. 

18. A luminous Agaric from South Burma. 

S, E. Bose, Calcutta. 

Pieces of luminous wood obtained from South Burma gave rise to 
a small luminous Agaric Pleurotus Sp. It does not exactly agree with des- 
cription of luminous Pleurotus reported so far by Molisch, Eawamura, and 
Buller. The cap with both the surfaces and the stalk were brightly lumin- 
ous all over. It gave rise to soft white light. The hyphae in the wood 
were luminous also. This, the author thinks, is the first record of an 
Agaric where the vegetative mycelium and the whole sporophore with 
both the surfaces of the cap and the stalk were all luminous. 

19. -Cytology of secondary spore-formation in Ganoderma. 

S. E. Bose, Calcutta. 

At the Allahabad sitting of the Indian Science Congress the author had 
reported the occurrence of secondary spores in Ganoderma direct from the 
tramalhyphae. The results of cytological study show that the hyphae which 
bear the secondary spores are bmucleate, the two nuclei in the hyphae 
fuse into one fusion-nucleus, which fragments usually into two or three 
chromatin pieces, which pass out of the hyphae into the terminal spore, 
where finally the nucleus of the spore is constructed from these chromatin 
fragments. So, it seems to be a case of amitosis. 

20. Polyporus zonalis Berk, and its effect on bamboo. 

S. E. Sen Gupta, Calcutta. 

Polyporus zonalis is a common tropical fungus growing on dead decay- 
ing stumps of bamboo. The sporophore appears at the end of Jime, attains 
full development in course of a month and disappears ultimately in 
October. The first sign of rot is the appearance of isolated white areas 
which gradually unite to form longitudinal strips while the wood is render- 
ed into a soft spongy mass. The hyphae within the host differ consider- 
ably from those of the sporophore and usually penetrate the cells through 
the pits. Clump connections are of frequent occurrence. The action of the 
fungus is one of delignification and absorption of starch grains from the cells 
of the host. The nature of the fungus whether purely a saprophyte or 
facultive parasite deserves to be investigated. 
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21. Fungus flora of Lahore soils. 

Guechurn Singh, Lahore. 

A study of the fun^s flora of Lahore soils was made from October, 
1930 to July, 1931. Different samples from field, garden, alkaline and 
humus soils were examined. 

The following 32 species were isolated and described : — 

Rhizojpus sp. Ng. 1, Rhizopus arrhizus, Mucor circinelloides , Cunning- 
hamella verticillata^ Monilia koningi, Gephalosporium n. sp., Trichoderma 
koningi, Aspergillus fumigatus (two strains), Aspergillus nidulans (two 
strains) Aspergillus niger, Aspergillus calyptratus, Aspergillus terreus, 
Aspergillus n. &p. (DX), Aspergillus flavipes, Aapergillus sydowi, Asper- 
gillvis versicolor, Aspergillus candidus, Aspergillus n. sp. (H.S), Peni- 
cillium terrestre, Penicillium pinophilum, Penicillium sp. {P. 1.), Spicaria 
silvatica, Cephalothecium rosem, Glaeosporiuni lierharum, Helrnintho- 
sporium sp., Acrothecium lunatum, Alternaria humicola, Fusarium oxy- 
sporum, Fusarium sp. No. 1, Dwtyoehaete sp., Stemmaria sp., Hypha sp. 

The number of fungi, per gram of the soil, was counted. The number 
was highest in the case of humus soil. The season seemed to show no 
effect upon the number of fungi in the soil, though it was very slightly less 
in the hot months of July, 

22. A study of the cellulose decomposing power of soil 

fungi. 

Guechurn Singh, Lahore. 

Different soil fungi were inoculated on McBeth’s ammonium sulphate 
cellulose-agar and the plates were incubated for 27 days at 27-30" C. Fol- 
lowing result was obtained : — 

( + ) sign designates the positive result. 

(— ) sign designates the negative result. 

Aspergillus calyptratus 
,, terreus 

„ flavipes 

„ (DX) n. sp. 

„ candidus 

„ niger 

„ versicolor 

„ fumigatus 

„ nidulans 

„ sydowi 

„ _ n. sp. (H.3) 

Mucor circinelloides 
Ounninghamella verticillata 
Trichorderma koningi 
Monilia koningi 
Spicaria silvatica 
Fusarium sp. No. 1 
Fusarium ovysporum 
Rhizopus sp. No. 1 
,, arrhizus. 

Alternaria humicola 
Cephalothecium roseum 
Penicillium terrestre 
Penicillium pinophilum 
Penicillium sp. (P.l) 

23. Fungus flora of Luelmow. 

H. P. Chowdhury, Lucknow. 

Attempts are being made to collect the materials of fungi found in or 
near about Lucknow. Most of the forms which have been found have 
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been mentioned by Kanhaiya Lai and Mitter and Tandon in their Fungus 
flora of Allahabad. A few of the forms found here, and which have not 
been mentioned by them, are given here : — 


1. Trametes sp. 

2. Hexagonia sp. 

3. Fistulina sp. 

4. Lenzites — several species. 

5. Polystictns sanguinea. 


6. Lepiota sp. 

7. Pleurotns sp. 

8. Lentinus sp. 

9. Podaxis carcinomalis. 


24. The occurrence of Fhytophthora parasitica Last, on 
Boucerosia diffusa Wright. 

S. P. Aghaekar and S. N. Banerjee, Calcutta. 

In July, 1930, it was noticed that several branches of Boucerosia 
diffusa plants growing in pots in the garden of the Botanical Laboratory, 
Calcutta University, had died owing to their being affected by a sort of 
soft rot. The rot either extended from the base of the stems above ground 
level upwards or from above downwards reducing the stem tissue to a watery 
putrefying mass. The affected portions had a brownish-black colour. On 
investigation the causal organism was found to be Phytophthora parasi- 
tica Last. The fungus in question was brought into pure culture and 
was grown on various media. Morphologically this strain agreed closely 
with Dastur’s description of Phytophthora parasitica, the only difference 
being that in this strain the sporangia were relatively broader. The size of 
chlamydospores was in agreement with those of Phytophthora parasitica 
typica. 

‘Infection occurs through wounds only. Details of infection experi- 
ments have been given. 


25. Fusarium sp, causing disease of Eichhornia crassipes 
Solms. 

S. P. Aghaekar and S. N. Banbrjeb, Calcutta. 

The leaves of water hyacinth are often found to be covered with 
yellowish-brown to reddish-brown spots on the petioles. The spots are 
caused by a Fusarium k^sp. which has been studied in pure culture in 
various media. The diseased leaves are at first sickly yellow, shrivel up 
with the progress of the disease, and finally droop downwards. Both 
micro- and macroconidia have been obtained in abundance. Inoculation 
experiments are bein^ made. The iofection takes place readily, but 
owing to the high resisting power of the plant, the disease makes very 
slow progress. From this it may be inferred that this fungus cannot be 
regarded as a possible remedy against the spread of water hyacinth. 


26. Preliminary observations on Cercospora euphorhiae 
Kell and Swin. 

Y. N. Likhitb, Baroda. 

Euphorbia nerifolia is a very common hedge plant in Unirat. Its 
growth of internodes is annual on which also the seasonal involucre of 
leaves is borne. In August many of these plants are attacked by a 
leaf fungus Cercospora euphorbias. 

The infection begins with a minute crimson spot, conspicuous to 
the naked eye and the parasite grows in concentric rings. As the growth 
advances a dark pad is produced by the parasite and the middle portion 
of this pad subsequently gets dried. Some time a shot hole is thus 
produced. The surrounding portion of this pad may continue to be 
crimson for a long time. Though the pad is rather skinny and though 
two or three spots are sometimes united. 
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Kept Tinder a moist chamber or imder the condition of a good rainfall 
when the atmosphere is moist, there appear the typical conideae of 
Cercospora on it. These to the unaided eye are a velvety whitish growth. 
The length of the conideae varies between 10/i— 30/i and are generally 
seven septate. 

Cultures were done. 

27. Further studies on ‘ green-ear * of Bajra. 

H. Ghaudhuri, Lahore. 

Unusual formation of green-ear twice over in the same plant, viz., 
once in the beginning and once again later in the season has been noticed. 
New green-ears are formed in the axils of the old ones. Only oospores 
have been found on Bajra in the Punjab'. Absence of conidial stage has 
been ascribed to low humidity of the atmosphere. Successful inoculation 
experiments have been performed on Bajra with oospores of previous sea- 
son’s crop. Though no green-ears were formed on inoculated plants, the 
leaves showed usual shredding and were full of oospores. 

Oospores of Bajra Sclerospora have been germinated successfully 
for the first time in India following BHura’s method. It has also been 
found that even five years old oospores retain their viability under labora- 
tory conditions. As oospores from the sporangial stages when present 
have been definitely proved to be incapable of infecting other Bajra 
plants, this germination of oospores and their long viability and also suc- 
cessful inocTilation experiments show beyond doubt that the disease is 
propagated through the oospores in the soil. 

28. Femes leucophaeus Mont, on Spiraea. 

H. Ohaudhuri, Lahore. 

Some plants of Spiraea 4r-Q ft. high were foimd dying in a Lahore/ 
garden. They were gradually dr^g up from the tip downwards. 
Leaves and twigs showed no diseased organisms. On uprooting a plant, 
the stump below the soil level was foimd to have been attacked by 9 . 
fungus which caused destruction of the stump in a ring form. Only 
fungal hyphae were found. Sterilised bits of woods in test tubes were 
inoculated. Slides showing the presence of the fungus in the host tissue 
and destruction of the cells have been made. No fructifications were 
formed in the culture tubes, beyond formation of knots of hyphae but 
the bits of woods inoculated became soft and pulpy. In one of the plants, 
later on, the fructification of the fungus appeal and was found to be 
that of Forties leucopJiaeus. The author is indebted to Dr. S» E, Bose 
for the specific identification. 

29. A case of penicilloid type of conidiophores in Aspergillus 

nidulans. 

* 

H. CHAUDHxna^ Lahore. 

This was a fruiting form which had saltated from an old Asper- 
gillus culture. The most interesting thing about conidiophore formation 
was that on the same mycelium not only aspergilloid types of conidio- 
phores but also penicilloid types of conidiophores were formed. Draw- 
ings are given, showing that on the germination of a single conidinm 
which produced two germ tubes, from one a fertile branch inflated at the 
apex bearing chains of conidia on sterigmata like any typical Aspergillus 
is formed while from the other germ tube, a fertile branch, not at all 
inflated but typically branched like a Fenicillium and bearing chains of 
conidia developed; intermediate forms are also shown which developed 
from single spore cultures in hanging drops. 

These occurrences show the futility of artificial classification of 
Aspergillus and Penicillium in their imperfect forms. 
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30. Notes on a Cordyceps from Tibet. 

H. Chaudhuri, Lahore. 

Prof. Kashyap brought these specimens from yatung in Eastern 
Tibet. They are locally known as Yartsa Gungbu — ‘ in spring grass, in 
winter worm and are used as valuable medicine by the Chinese. 

It consists of a rigid sterile tip, then the fertile portion (perithecial 
clava) and below the barren portion (stalk). The perithecia are superfi- 
cial and are distributed all over the cylindric head. The perithecia are 
dark brown when dry and are loosely adherent to one another at the 
base. The asci are cylindric and each ascus contains eight filiform, 
hyaline and multiseptate ascospores. It very much resembles the Chmese 
species C. sinensis. 

31. Study of Cladosporium herharum on Bisum sativum. 

A. H. Sheikh, Lahore. 

It produces blackish irregular spots on the surface of the pods. In 
younger pods, the. disease produces contortion and bending and if very 
young the affected pods shrivel and dry up. 

The causal organism has been isolated and the morphological charac- 
ters of the fungus, its effect on the host cells as well as the physiology 
of the fungus in different cultural media have been studied. Patho- 
genicity of the fungus has been proved by inoculation experiments. 

32. Study of the gram blight caused by Ascochyta yisL 

A. H. Sheikh, Lahore. 

(3-ram blight causes heavy loss annually at Campbellpur. Becently 
it has been reported from Lyallpur also. 

Almost all green parts of the plant are affected. Leaves are first 
attacked and later the’ stem, petioles, pedicels, pods and lastly the 
^eeds are affected. The spots are round, oval or elongated and dark 
brown in colour. The pycnidia are concentrically arranged in the centre 
of the spots. 

Seeds become smaller and in very severe infections they are not 
formed at all. It has been found to be caused by Ascochyta pisu 

Cultural study of the fungus has been made. In addition to pycnidia, 
chlamydospores and hypnocysts are formed by the fungus. The mode of 
development of the pycnidium has been studied and described. 

Inoculation experiments with A. pisi from culture faded to produce 
spots in any other parts of the plant exceptmg the leaves. 

33. Some diseases of the cotton plants of the Punjab. 

Md. Shaei, Lahore. 

In this paper the damping-off of cotton seedlings due to Fusarium sp.^ 
Sooty mildew due to -Gapnodiutn sp.^ Leaf spot caused by MycospJiaerella 
gossypina and areolate mildew due to Eamularia areola have been des- 
cribed. Details regarding mode of infection life-history of the fungus 
and growth in culture are given. 

34. Studies m physiology of Fusarium sp. from cotton. 

Mb. Shafi, Lahore. 

It has been shown that formation of one or both types of spores 
depends Upon the mediuin in which it is grown. Both micro and macro- 
conidia are formed* on -Czapek’s, Cook’s, and potato glucose agar, while 
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on bean-agar, gram-agar, glucose agar, only microconidia are developed. 
Cross inoculation from bean-agar into Czapek’s and from Czapek’s into 
bean-agar, resulted in the formation of both types of spores in the former 
and only microconidia in the latter. Again on fresh potato slices both 
types of spores are formed, while on cooked potatoes only microconidia 
developed. 

35. Angular leaf spot of Cotton. 

Mn. Shapi, Lahore. 

This is caused by Bacterium mahaeearum. It has noticed only on 
American and Sea-Islands cotton but not on Desi cotton. Cotyledons, 
leaves and bolls are attacked but the leaves suffer most. First symptom 
of the disease is the appearance of angular water soaked areas; later the 
spots increase in size and become brown m colour; in the last stage 
the affected spots become papery but do not fall off. 

The causal organism has been isolated and successful inoculation 
experiments have been performed. Seedlings grown from sterilised cotton 
seeds did not show infection but only those from unsterilised seeds showed 
infection. The organisms are carried in the fuzz. Affected leaves gra- 
dually wither and fall off prematurely. 

36. Study in artificial culture of some Alternarias of the 

Punjab. 

J. G. Luthra and Keatar Singh, Lyallpur, 

Alternarias from 24 hosts have been described from nature and 
behaviour in culture of a number of them has been studied. Excepting 
Alternaria from Surkha, (a potato variety) others are more or less non- 
chromogenic. 

Pathogenicity of Alternaria from wheat, sugarcane, calotropis and 
Datura has been proved. Frequency tables showing the spore measure- 
ments of different Alternarias from nature and artificial cultures have 
been made. 

37. A study of variation found on Alternaria brassicae 

(Berk) Bolle. 

, J. C. Luthra and L. S. Bhandari, Lyallpur. , 

Long spored Alternaria from 7 Oruciferae hosts and small spored 
Alternaria horn 2 hosts have been studied. Differences exist between 
the' 7 long spored Alternarias on their hosts as regards colour and size 
of their lesions and 'time of infection. These variations are due to 
environment and may be termed as modifications. 

'Small spored Alternaria from Gauliflower produce 'a chromogenic 
saltant on leaf decoctions and rice meal agar. The saltant loses its 
chromogeny on synthetic media in the first generation and on plant decoc- 
tion in the third generation. This gradual reversion of the saltant to the 
parent type is an example of temporary variation and may be termed as 
fluctuation. 

Long spored Alternarias isolated from 7 different Oruciferae hosts 
behave as 2 distinct strains on synthetic media. One of these from rape 
saltates on plant decoctions producing a strain which has poorly developed 
aerial mycelium, slow rate of growth, and low vitality as compared with 
the .parent. 

' X further cultural study of the three long spored Alternarias, viz., 
2 original strains (called A and B) and the saltant (C) has been made. 
It was foimd that they differ from one another in macroscopic, micros- 
copic, and physiological characters. They have been grown in culture for 
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about 10 generations and they maintained these differences and C has 
never been found to revert back to B. No variation was found in the 
degree of virulence. It is concluded that the three strains of long spored 
Alternaria are different physiological forms of Alternaria hrassicae (Berk) 
Bolle, and the small spored Alternaria circinans is quite a different 
species. 

38. Sugarcane Oolletotrichum. 

J. C. Lxjthea and Kratar Singh, Lyallpur. 

Colletotrichum falcatum Went which causes Bed Bot of sugarcane 
m the Punjab, is a polymorphic species and consists of at least three 
physiological forms. The differences of the forms are more pronounced 
when growing on certain media only. Nutrient glucose agar has been 
found to be the best differentiating medium for identification of the three 
forms. 

Comparative cultural tests during the course of investigation indicate 
that the physiological forms remain constant and always appear to^ be the 
same under identical conditions. Bepeated inoculations and cross-inocula- 
tions have been made and the results have been consistent. Differences 
between the forms are scarcely pronounced enough to consider* them as 
separate species, hence they are considered by the writers as physio- 
logical forms of Golleiotrichum falcatum Went, 

39. Eed rot of Grape vines. 

■Jr C. Luthra and L. S. Bhandari, Lyallpur. 

A new disease of grapes caused by Gloeospoiium rufomaculans 
Berk Thum. has been described. Symptoms of the disease are the pro- 
duction of tumours and cankers on shoots, and reddish brown spots 
on grape berries. The shoots dry ai^d nearly all the tissues are involved 
in canker formation. The xylem vessels are badly affected, as they 
become compressed, distorted and get choked by hyphae. Hence they 
fail to carry on their function properly and branches dry. The patho- 
genicity of the fungus has been established by making inoculations on 
branches, leaves and grape berries by pricking. 

' Bed rot of grapes ' is suggested as the name of this disease. The 
behaviour of the fungus under different cultural conditions has been 
studied, Conidia germinate within 4J hours. After germination, they 
produce 1 or 2 germ tubes each from one end, become uniseptate and 
produce appressoria. The fungus is very viable. Spores from dried 
branches 8 months old germinated and formed acervuli after 2 or 3 
days. Overwintering is perhaps done in this way. Under conditions of 
high humidity it produces enormous quantities of conidia. Copper sul- 
phate even in small concentrations, i.e,, 0*1 per cent, was found to be 
toxic for its growth in culture. , 

40. Grey blight of tea due to Pestalozza theae Sowada, 

V. S. Kapur, Lahore. 

The disease is very common in Palampur plantations and its suburbs. 
In Holta plantation — the biggest tea estate towards that side — ^90 per 
cent, of the bushes are affected by it. It causes a great economic loss 
to the tea industry by reducing the amount of leaf which can be utilised 
m the production of tea.^ It appears as brownish spots which later on 
increase in size and ultimately turn grey. On these greyish patches 
numerous black dot-like structures are seen. These are pycnidia which 
are^ bowl-shaped. Inside are numerous characteristic spores (stalked, 
fusiform, 5 celled, 3 middle cells coloured while two end cells are hyaline, 
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the upper hyaline cell possessing 3 hyaline, filiform appendages). Germ 
tube arises from the third coloured cell but it may arise from other 
coloured cells also. The physiology of the fungus has been stu(iied. In- 
oculations with the causal orgamsm produced grey blight. Brown spots 
appeared after a week and in about 8 weeks time, these formed patches. 


41. Brown spot disease due to Phoma theicola Petcli. 

V. S. Kapuk, Lahore. 

This disease is not of common occurrence. The attack of the fungus 
is not so severe as in grey blight. The disease appears as minute 
brownish spots which increase in size and coalesce to form bigger spots. 
Later on pycnidia appear as minute elevated dots on both the surfaces. 
Pycnidia are sub-globose and open through ostioles which are the charac- 
teristic feature of the fungus. 

Spores are oval, hyaline and non-septate. The character of the 
fungus under different physiological conditions has been studied, as well 
as inoculation experiments performed. 

42. A study of pycnidial formation in Phoma theicola Peteh. 

V. S. Kapur, Lahore. 

Development takes place in a meristogenous manner, one or more 
cells of a hypba become more pronounced and later divide to form a 
knot. This increases in size by divisions in various directions. Later on 
branches are given out from some of the outermost cells. A protuber- 
ance which is at first colourless ^ows out which ultimately develops into 
an ostiole. This is the primordium from which pycnidium arises. The 
radiating hyphae probably supply the primordium with nourishment. 
Microtomic sections of the diseased spots also showed various stages of 
development. If the pycnidia are placed in water they liberate long coils 
of mucilage in which numerous spores are embedded. 

Effect of different concentrations of media, light, deration, etc., has 
been studied. Pycnidia are numerous and early formed in lower concen- 
trations while few are formed very late in higher concentrations. 
The pycnidial formation is not dependent on light as in other sphaerop- 
sidales. They are also abundantly formed in darkness. Eegarding aera- 
tion it has been shown that lack of oxygen inhibits pycnidial formation. 

43. A study of the wilt disease of tomato plants caused by 

a Gephalosporium sp. 

Mohammad Aslam, Lahore. 

The wilt disease of tomato plants caused by a Cephalosporium sp, is 
described. Due to its attack the leaves dry up and the stems are 
discoloured as if insufficiently supplied with water. At a later stage the 
plants completely lose their vitality and collapse. The stems become 
hollow and are filled with mycelium partially in the form of fluffy grey 
mould. Spores are found on fhe host plant. These are hyaline, septate, 
oval and are produced on conidiophores. The mode of development of 
eonidia as also germination of the conidia have been described. Physiology 
of the fungus has been studied. Effect of different concentrations of 
media, aeration, light, temperature has been followed. It has been 
observed from inocTflation experiments that the fungus is a soil-dweller 
and that infection takes place through roots or through wounds in 
aerial parts of the stem. The infection is completed between 30 and 40 
days. 
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44. Fusarium wilt of potatoes. 

Murari Lal, Lahore. 

Wilting of potato plants due to an attack of Fusarium sp. occurred in 
Government College Botanic Garden, Lahore. Both macro and micro- 
eonidia are produced. In addition to these chlamydospores are formed 
within the hyphae. Sporodochia are present. Physiology of the fungus 
was studied. The upper thermal death point of the fungus was found to 
be 57 ®C. Inoculation experiments were successful and wilting was noted 
in inoculated plants. The browning and blackening of the stem was 
found to be due to toxic substance secreted by the fungus. 

45. Pink rot of apple. 

Murari Lal, Lahore. 

The pink rot disease on apples imported here from Kulu due to 
Cephalothecinm rosetim Corda has been studied. The morphological 
characters of the fungus have been studied and described. The causal 
organism has been isolated. The growth characters of the fungus on 
various vegetable and synthetic media have been studied and the effect 
of different concentrations of Czapek’s medium has also been studied. No 
effect of light on the growth of the fungus is noticed. The upper thermal 
death point of the fungus was found to be 51“ C. The writer was able to 
observe artificial infection in case of Desi and Kulu apples and small 
seedless variety of grapes. 

46. Some new Lichens from the Sikkim Himalayas. 

G. L. Chopra, Lahore. 

The writer collected about 125 species of Lichens from Darjeeling 
and the Sikkim Himalayas during July, 1929-30. About 50 of these 
were studied by the writer during last year, and the abstracts contri- 
buted to the Nagpur Science Congress. The rest have been recently 
finish^. The writer, however, is very much indebted to Miss Annie 
Lorrain Smith for confirming and verifying his determinations. Their 
study reveals them to be engrossingly interesting and the following are 
recorded to be new additions to the already known Lichens of the 
world : — 

(1) Anzia physoidea A. L. Smith. 

(2) Bacidia nimana A. Zahlb. var. rugosa, A. L. Smith. 

(3) Pyxine reterugella Nyl. var, sublestacea, A. L. Smith. 

(4) Pyxine reterugella Nyl. var, macrothecia, A. L. Smith. 

47. Lichens from Simla. 

G. L. Chopra, Lahore. 

The Lichens from Simla and its suburbs were collected by the 
writer^ during September, 1931. The season being most suitable for 
collection, alrnost all the specimens were found bearing fructifications 
and hence facilitated their identification. About 65 species were collected 
m all. Of' these 30 are different from those already described by the 
writer from the Eastern Himalayas. 

48. Lichens from Vaishno Devi (Kashmir). 

G. L. Chopra, Lahore. 

visited Vaishno Devi, a sacred temple of the Hindus 
about 30 miles from Jammu. It is situated at an elevation of about 
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9,000 it. above sea level in the outer range of the North-West Himalayas. 
The vegetation is scanty on the exterior, but as the writer ascended 
higher and reached an elevation of 7,000 ft. in the interior, the oak 
forest appeared bedecked with all types of Lichens, e.g., foliose, fruticose 
and crustaceous. About 30 species were collected from this place. Of 
these, 10 are confined to this locality, not having so far been met with 
in other parts of the Himalayas visited by the writer. 

BRYOPHYTES. 

49. A study of the Calycularia crispula Mitten. 

M. N. Nayak, Lahore. 

The gametophyte of Calycularia crispula is thallose which branches 
•dichotomously and possesses innovating lobes. The plants are dioecious 
and form separate patches. The male plants are smaller than the female 
plants. The midrib is thick and 10-15 cells in thickness which gradually 
thins out to one celled wing. The apical cell is of cylindric lenticular 
type but a few transitional forms have been observed. Ventral shoots are 
very common. On the ventral surface of the midrib are found amphigas- 
tria and smooth rhizoids which sometimes branch and bear knee like 
processes. Profuse presence of the myeorrhiza was noticed. The involucre 
and the perianth is one and the same thing and the latter is derived by 
the fusion of the former. Antheridia and archegonia are found on the 
dorsal surface in clusters near the growing region and at the junction 
■of the lobes. They develop according to Jungermania type. About five 
abnormal archegonia were found which throw sufficient light on the 
origin of sex in Bryophyta. 

The development of the egg and the sporogonium has been described. 

Calycularia is a synthetic genus and the present writer has given it 
a suitable position in the proposed classification. 

50. Vegetative propagation in Mosses, particularly two 

notable types: one in a Darjeeling species growing 
between 5,000 and 6,500 feet, and the other in a 
species growing on bark of trees within the area of 
Calcutta. 

G. P. Majumdar, Calcutta. 

Distribution through * brood-bodies ’ (gemmae) is found to be fairly 
common in the mosses growing in and about Calcutta. Brood-bodies prcn 
duced in the axils of leaves from the stem-cells as well as produced from 
the leaf-cells have also been observed in a few cases. Two species have 
been collected which show production of protonema in the axils of leaves. 

In the species collected from Darjeeling, as in Wehera proligera studied 
by Goebel, these organs are extremely suppressed shoots. Their shoot nature 
■can be recognised only on a comparison with other species and also by 
their position on the main shoot. These peculiar brood-organs are filament- 
ous, each consisting of two rows of cells spirally twisted and ending in 
an apical cell cutting on two sides only. This species is further charac- 
terised by the leaves, in the axils of which these organs are produced in 
numbers, aggregating into a cone (strobilus) which in the majority of 
oases is completely differentiated from the lower vegetative region. The 
specimen was found to be growing on bare rocks. 

The epiphytic species collected in Calcutta shows the following pecu- 
liarities : (i) no sexual organs have so far been found; (ii) the leaves are 
of one kind and not differentiated into fertile and sterile as observed by 
Goebel in a similar case in Calymperes Giesenliageni ; and (iii) the brood- 
bodies as in the above species are produced in tufts at the tip which is 
the thickened end of the midrib of each leaf. 
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51. Physiological anatomy of Bryum roseum Schreb. 

S. C. Banerji, Calcutta. 

The species Bryum roseum Schreb. grows in dense mats on hill slopes 
in temperate conditions and was collected from the Elephant Falls near 
Shillong in December, 1929. The species has a tiered growth and bears 
three types of shoots according to variations in the water-supply. These 
are : — " 

(1) Fertile shoots with one tier bearing reproductive organs on the 

apex which is flat. These are found on the outskirts of the 
formation with a moderate water-supply. The archegonium 
has a long 6-7 celled neck and is articulated to a short column 
with a few paraphyses around the base simulating a flower, 

(2) Sterile shoots with 3-4 tiers. These were found in the central 

regions of the formation where plenty of water collected. 
These are richly provided with rhizoids and their apex is 
convex and continues the tiered growth. 

(3) Very short fertile shoots developed from a bud at the axil of a 

coronal leaf of a tier of the sterile shoot when its vegetative 
activity becomes arrested due to a reduction in the water-sup- 
ply in the central portions of the formation, as during the 
winter season in December. The apex of these shoots is flat 
as in (1). 

The leaves are of two kinds — cauline and coronal, the former are one 
layer of cells thick and the latter several layers along the middle, 
their configuration and correlation with the rhizoids ensure accumulation 
of water on the plant-body, and its ready absorption. This is very 
prominent in the sterile shoots. The stele and leaf-traces are very 
prominent. 


PTERIDOPHYTES . 

52. Apogamy in some Indian Ferns. 

P, N. Mehra, Lahore. 

Pure cultures of Pteris hiaurita, Adiantum lunulatum^ and Cyrto- 
mium falcatum were raised from spores along with that of other ferns 
collected from various places and all stages from the germination to the 
mature prothallus studied. Apogamy has been observed in the above 
mentioned three species. 

Pteris hiaiirita . — The two lobes of the cordate prothallus are not of 
the same age as in Pteris longifolia and Geropteris calomelanos. Sporophy- 
tic buds begin to develop in some cases even when there is no appearance 
of any sex organs but in other cases after the formation of antheredia. 
There is no appearance of any archegonia. The gametophyte remains 
only a single layer of cells in thickness — there being no formation of the 
true _ cushion— -and just behind the notch the cells assume meristematic 
activity forming a sort of circular localised cushion wherefrom the cotyle- 
don, the primary root, and the scales characteristic of the sporophyte are 
given off. 

Adiantmi hmulaturn.— The two wings of the cordate prothallus are 
of equal age. Feeble collenchymatous thickenings occur at the corners of 
the prothallial cells. The usual cushion is formed upon which scattered 
antlmridia only are borne, there being no trace of archegonia. Some cells 
of the cushion are elongated and among them may be found true annular 
xylem vessels scattered or having connection with the sporophytio 
bud developmg just behind the notch. The bud is densly sm- 
rounded by characteristic scales of the sporophyte which resemble the- 
similar scales in the sporophyte of Adiantum capillis-veneris , 
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Cyrtomium falcatum. — Two lobes of the cordate prothallus are of equal 
age and there is the development of cushion. Unicellular glands established 
as a character for the gametophytes of other species of the Diyopteroid 
series by the writer are present. Antheridia and archegonia develop in 
the usual way. The sporophyte has been observed to develop from the 
surface cells of the gametophyte without the intervention of archegoma. It 
could not be definitely ascertained whether in all cases the sporophyte 
develops apogamously but large numbers of quite barren archegoma were 
observed. True annular xylem vessels have been observed scattered in the 
general body of the prothallus. A most remarkable thing is the forma- 
tion of loose tissue on the ventral surface of some prothallia. 

Cytological investigation of the above three species is being carried on. 

-53. Collenchymatous thickening in some prothallia. 

P. N. Mehra, Lahore. 

Prothallia of Cheilanthes fannosa, Adiantujn lunidatum, Adiantum 
caudatum, Adianttim capillis-veneris and Polystichiun auriculatum have 
been raised from spores collected from various localities. Cheilanthes fari- 
nose show's veiy remarkable collenchymatous tliickenings at the comers of 
the cells while Polystichum auriculatum, and Adiantum caudahim show 
the same to a slightly smaller degree. Adiantum lunulatum shows rather 
feeble thickenings while they are altogether absent from Adiantum capillis- 
veneris. Such thickenings appear to be a feature of oecologic adaptation of 
the ferns to dry places since in the prothallia of ferns adapted to moist 
places they are not present. Dr. Horvafs interpretation of such thickenings 
as a character of phyletic importance of G-ymnogrammoids does not hold 
good in view of such thickenings being absent from .4. capilhs-veneris 
prothallus — a Gymnogrammoid and its presence in Polystichum auriculatum 
belonging to Dryopteroids — quite different series. 

o4. Eepeated dichotomies in the gametophyte of 
Anisogotiium esciilentum. 

P. iST, Mehra, Lahore. 

Prothallia of Anisogonium esculentum have been kept growing for a 
little more than two years. They have attained a large size and are re- 
peatedly dichotomously divided. The gametophytes become dark green in 
colour and bear large number of archegonia. One prothallus was observed 
to be in size showing 5 dichotomies. Prom external appearance 

it appeared to resemble more a thallose liverwort than a fern prothallus. 
This unusual growth is due to failure in fertilization of archegoma since 
the prothallus was at some distance from younger gametophytes bearing 
antheredia. 

55. On the occurrence of superficial sori in Osmunda 
Claytoniana. 

• N. P. Chowdhury, Lucknow. 

In some abnormal specimens of 0. Claytoniana collected by Dr. Sahni 
at Gulmarg (Kashmir) the occasional presence of distinct sori on the abaxial 
surface of some pinnules (which were otherwise just like sterile pinnules), 
was noticed. Such pinnules bearing abaxial sori occurred only at the 
transitional region from the normal fertile to sterile part of the frond. 

The sporangia are mostly arranged along two sides of some of the 
latteral veins to which they are attached by their thick stalks. In a few 
other * pinnules peculiar linear thickenings were seen over a few lateral 
veins, which at certain places even bore one or two deformed sporangia. 
These thickenings are regarded as probably abnormally developed placentae 
of sori or fused masses of aborted sporangia. The author discusses the 
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bearing of tlie&e abnormalities, namely, the superficial position of sporangia 
and their arrangement in son, on the question of the relatively primitive 
or advanced nature of such characters m Osmunda, and finally is of opinion 
that these abnormalities might possibly be of the nature of a reversion. 

56. Proliferation, of the cone in a species of Selaginella 

from Garhwal. 

S. L. Ghose, Lahore. 

The plants were collected by Prof. Kashyap from the Alaknanda valley 
in Garhwal, about 8,000 ft. above the sea-level, and were kindly handed 
over to me for investigation. They belong to the sub-genus Stachygynan- 
drum of SelagineUa, having uniform bracts and ordinary leaves of two kinds 
and spreading in two planes, those of the upper plane being smaller and 
more ascending. In SelagineUa as a rule the cone is terminal and un- 
branched. Miss Mitchell (Annals of Botany, Vol. XXIV, 1910, pp. 21-22), 
however, has described the following four variations from the normal 
type : (1) In S. spatula and S. cuspidata ‘ beyond the fertile homophyllous 
cone the axis continues to grow vegetatively, reverting to the dorsiventral 
structure characteristic of the ordinary stem ’. (2) In an unnamed species 
from India, probably S. pennata, the same phenomenon was observed 
* save that abortive sporangia were produced in the axils of the vegetative 
leaves following the tip of the cone, illustrating the gradual transition 
between the purely sterile and entirely fertile regions ’. (3) ‘ In 5". eryth- 
ropus a second cone was produced on a fertile branch after an intervening 
sterile region entirely devoid of any vestiges of sporangia; in other words, 
two definitely fertile regions occurred on the same branch (4) In 
S. oregana the strobilus is genuinely branched. There is a region with 
entirely aborted sporangia at the base of the branches but the leaves 
of this region retain the external form of sporophylls. A genuinely branched 
strobilus has also been described by the writer (Journal of Bombay Natural 
History Society, Vol. XXV, 1917, pp. 284-289) in. S. palUdissima, in which 
upper sporophylls are usually sterile. 

In the species described here ' in many cases the homophyllous 
cone continues to grow and may produce one or two cones in continuation 
or jaranch out into two cones at the tip. All these cones have a sterile 
region at the base, where in many cases the leaves show a clear tendency 
to revert to the dorsiventral arrangement characteristic of the vegetative 
region. Thus the abnormality here is of quite a different type from 
those already recorded and may be taken to combine all the four abnor- 
malities mentioned by Miss Mitchell. The alternation of sterile and 
fertile zones ‘ suggests the condition normally occurring in the more 
primitive Lycopodiaceae ’. 

57. A. note on sex-differentiation in the gametophyte of 

Eqiiisetum. 

V. G. Phatak, Baroda. 

The writer lias discussed ‘ Sex differentiation in the gametophyte 
of the Genus Equisetum *. It may be possible that in the Genus E., el- 
even in a species of E. that is very variable (according to present classi- 
fication), a gradual scale of evolution may be found along which the 
typical hermaphrodite type gradually merged into the characteristic uni- 
sexual type. It appears to the writer that in the characteristic unisexual 
types, it may be that it is the constitution of the germplasm of the spore 
that is changed, and which appears not to have as yet affected its external 
form and structure. 

It may be said, therefore, that plants producing spores that are 
morphologically as well as functionally homosporous, definitely stand on a 
lower stage of evolution as compared with plants producing spores that are 
morphologically homosporous but functionally heterosporous. 
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58. Prothallus formation in a species of Equisetunij 

growing at Pashan, Poona. 

Y. G. Phatak, Baroda. 

The writer has thoroughly worked the prothallus formation in a 
species of Equisetum growing at Pashan near Poona and has given all 
the stages in the prothallus formation together with their internal struc- 
ture from the time the spores are shed over a germinating medium till 
the formation of an adult prothallus. In the earlier stages of development 
it is found that the prothallus assumes a form which is directly controlled 
by its position in a cluster of young prothallia. In the earlier stages of 
development male and female prothallia cannot be distmguished, but 
later on much branched and small males are clearly distinguished from the 
unbranched and circular large female prothallia. The prothallia are in- 
variably unisexual being either pure males or pure females and never 
hermaphrodite whether grown in cluster or grown apart. 

59. A note on tlie meristematic regions in the game- 

tophyte of Equisetum. 

V. G. Phatak, Baroda. 

The writer has enumerated some interesting features in connection 
with the meristematic region of the gametophyte of a species of Equisetum 
growing at Pashan near Poona. It is found that every cell in a young 
prothallus is really a meristematic cell and that a growing point is nor 
restricted to any single cell which is either apical or intercallary. As the 
prothallus advances in age, most of the lower and central cells that are by 
now older, lose their meristematic capacity and it is being restricted to a 
circumferential ring towards the distal end of the thallus. The activity of 
these meristematic cells appear to be working in three different ways — (i) in 
the formation of the characteristic green lobes, fii) in additions made to 
the thallus, (iii) in the development of sexual organs. In the lobes them- 
selves, the meristematic activity is very short-lived and soon they become 
permanent tissue. It is only the male prothallus that is capable of pro- 
ducing new fertile branches. No such branches are to be met with 
in female prothallia. 

It is thus clear then that there is no indication of any apical cell as 
we understand it for most of the Pteridophyta'. It is a tissue made up of 
many cells which is responsible for growth as in the higher plants, 

60. On the ventilating system of certain Indian ferns. 

T. C. N. SmoH, Benares. 

Air-spaces. — (a) The rhizome cortex of Lastrea fuscipes has a large 
number of intercellular spaces such that they are noticeable even with the 
naked eye as beautiful minute perforations. 

(b) An interesting feature of the petiole of Asplenium viride Huds. is 
the presence of air-spaces in the ground tissne with the vascular bundle held 
up in the central position by bridges of trabaculae. 

(c) In the petiole and rachis of Asplenium alternans Wall, two air- 
spaces make their appearance, one on the adaxial and the other on the 
abaxial side. The adaxial one soon closes up while the abaxial one 
furcates higher up into three and ultimately towards the extremity they 
fuse and close up altogether. 

Loose-tissue. — On either side of the rachis (primary and secondary) of 
Onychium auratum^ Polystichum aurieulatum var. caespitosum^ Lastrea 
rigida and L. fuscipes Wall, and the secondary rachis of Polystichum aculea- 
tum Sw. and also var. Rufo-barhatum, below the epidermis is found a 
loose- tissue composed of thin-walled cells (with chlroplasts) like those of 



310 


Section V, Botany. 


( 20 ) 


the spongy niesophyil. It can be located externally by a ridge on either side 
of the rachis. The" epidermis above this tissue is pierced by stomata. Such 
a tissue is noticeable even in the tertiary rachis of OnycJimm auratum. 

The biological significance of these structures is discussed in the fuller 
paper. 

61. The mierosporangia of Isoetes covomandelina, 

T. N. Venkatanathan, Madras. 

The microsporangia (which are recorded for the first time) are of very 
rare occurrence. Following the plant throughout a single vegetative season, 
it was found that these are present only m a very few plants among the 
outer sporophylls formed early in the season. The number of these in such 
plants is very often one, rarely two. They always appear after a few 
megasporophylls are formed. 

In spite of such rare occurrence it was possible to study, with the 
help of permanent preparations, the development of the microsporangia, 
including the reduction divisions of the microspore mother cells. After 
the sporangium had grown to a certain size, the uniform mass of sporogen- 
ous tissue is diiferentiated into sterile and fertile areas. The latter, by 
further divisions, gives rise to smaller groups of spore mother cells, which 
get rounded and separate from one another as the division progresses. 

Preceding _ the two divisions in the mother cell a body appears in the 
cytoplasm which behaves similarly as the one in the megaspore mother 
cell (reported by me during the last session). Besides this prominent 
feature of the division a few other interesting points are noted in the 
division stages. The haploid chromosome number is determined to be 16 
by the counts made in the bivalent stage and the heterotypic anaphase. 

GYMNOSPERMS. 

62. Fertilisation in Cycas circinalis. 

M. A.. Sampatkumaran, Bangalore. 

ANGIOSPERMS. 

63. The Zephyr Lilies. 

R. N. Parker, Dehra Dun. 

The Flora of British India mentions Zepliyranthes tuhispatha Herb, 
as cultivated in gardens and found as an escape. This species has how- 
ever not been collected either wild or cultivated for the last 60 years. 
Z, carinata Herb, and Z. rosea Lindl. appear to be sparingly naturalized 
and Z. Candida Herb, and Z. citrina Baker commonly cultivated. 

64. Life-bistory of Urginea indica. 

P. Maheshwari, Agra. 

Urginea indica is a member of the family Lilliaceae, found wild in 
many parts of India. The development of the female gametophyte follows 
the normal course. The material is excellent for class nse. 

Usually one of the hypodermal cells of the nucellus enlarges to form 
the primary archesporial cell. This divides to form the primary wall cell 
and the megaspore mother cell. The former divides periclinally to form a 
wall ^0 cells thick. The megaspore mother cell nndergoes the usual 
reduction mvisions to form a tetrad of megaspores, which may be linear 
or T-shaped. In most cases the lowest megaspore functions, though occa- 
sionally the first, second and third megaspores have also been found to 
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enlarge. Frequently two mother cells have been, observed m the same 
nncellus. These may lie side by side or one above the other. Both may 
go through the reduction divisions simultaneously, but further develop- 
ment has not been observed. The nucleus of functioning megaspore 
divides to form two nuclei, these divide to form four, and these in turn 
form the eight nuclei of the normal embryosac. The two synergids are 
sister cells, and the egg and upper polar are sisters. The antipodals are 
ephemeral. The polar nuclei fuse to form a large fusion nucleus which 
lies m the lower part of the embryosac. 

Further work is in progress. 


65. Studies in the cytology of the Liliaeeae. I. Somatic 

cell division in Aloe vera L. 

B. N. SxjTARiA, iihmedabad. 

The number of somatic chromosomes in Aloe vera is fourteen. They 
are of unequal size — eight large and six small. TMien these fourteen 
chromosomes are arranged on the equatorial plate of the bipolar spindle, 
some of them show a longitudinal split. Each of the eight large chromo- 
somes bears a sub-terminal constriction at its proximal end. Besides this 
sub- terminal constriction, each of these large chromosomes exhibits 
secondary constrictions on its length. At anaphase, these constrictions 
are very clearly seen. Some of the chromosomes of the anaphase stage 
show a longitudinal split. In the telophase, the chromosomes fuse and 
form a deeply stained compact mass. The equatorial cell plate now com- 
pletely divides the whole cell into two daughter cells. 

The reconstructed daughter nuclei show one to three nucleoli. The 
nuclear reticulum is distributed at the periphery in contact with the 
nuclear membrane. The nucleolus is vacuolated and often shows crystal- 
line bodies. Gradually a regular spireme appears with a distinct split 
here and there. The spireme then breaks up into broad thick bands 
which ultimately contract and form the chromosomes. 

66. Studies in the cytology of the Liliaeeae. II. 

Chromosome shape and number in Gloriosa superba 

L. 

E. iST. SuTARiA, Ahmedabad. 

The writer has been engaged for some time in a study of the organiza- 
tion and behaviour of the chromatin material in the nuclei of the Liliaeeae, 
and the present paper is a report upon the results of observations on the 
shape and number of chromosomes in the first (heterotypic) maturation 
division of Gloriosa superha L. 

As the first maturation division prophase advances, a diakiaesis stage 
is produced which is of striking appearance. The nuclear membrane 
disappears soon and the chromosome elements condense somewhat further. 
A multipolar spindle is soon replaced by a bipolar one, and the pairs of 
chromosomes are arranged at the equator. A polar view at metaphase 
shows eleven bivalent chromosomes. The chromosomes are unequal in 
size and more or less rounded or oval in shape. There are four different 
kinds of chromosomes. One of the bivalents is very big and rod-shaped, 
the two somewhat smaller than the single big one, the other four are 
still smaller and the rest of the chromosomes are the smallest. So far 
as the writer is aware, eleven as the number of chromosomes has not 
been recorded up till now in the Liliaeeae. The homologues separate and 
pass to the poles. Soon after they reach the poles, they lose their rounded 
appearance and become V-shaped and some of them are constricted in the 
middle. 
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67. A study of some species and types of Phlexm, Phalarisr 
and Fesiuca with regard to chromosome numbers 
and breeding properties. 

B. L. Sethi, Lahore. 

Several types of Phletim, Phalmis and Pestuea were studied from the 
cytological and breeding standpoints. This was expected to throw some- 
light upon their proper taxonomic position, inter-breeding affinities and 
eventually upon the bearing of cytological investigations on the breeding 
results. 

The chromosome complement of each plant was determined in root- 
tips and pollen-mother-cells. Seven was the basic number of chromosomes 
in each genus. 

The artificially produced hybrid plant {Phalaris arundinacea L. x 
Plialaris hulhosa L.) showed irregularities in meiosis; in heterotypic meta- 
phase 12 bivalent and 4 univalent chromosomes were observed, instead of 
14 bivalent chromosomes as found in either parent. The univalents in- 
variably lagged and followed a random distribution and generally re- 
mained as separate nuclei at each pole. This irregular behaviour pro- 
duced binucleate, trinucleate and degenerate form of pollen grains. 

It was noticed that six out of seven different strains of F, rubra were- 
hexaploid forms. It is therefore evident that the hexaploid form has a 
particularly wide distribution and since chance collection gave plants of 
this type, it is probable that this type is also abundantly represented over 
this wide area. 

Hybridisation was exclusively brought about by hand emasculation 
methods. The process in Phleiim types was facilitated by emasculating 
the florets with the help of a magnifying glass and thinning out the 
inflorescence in such a way so that all but the florets in the two opposite- 
rows are removed. On the whole, plants with lower chromosome num- 
bers gave better ‘ takes ’ when used as female parent. 

The cytological examination and breeding studies distinguished two- 
groups of Phleum — the diploids and the hexaploids ; readily crossable 
within the group but gave exceedingly low or no results in the inter- 
group crosses, 

Eeviewing the results as a whole, it becomes evident that inter-cross- 
ability (compatibility) in plants of the same genns depends upon two- 
different things. On the one hand, extreme or pronounced differences in 
chromosome numbers at once makes inter-hreeding a difficult matter. 
Thus in the genus Phleum, while different morphological types inter-breed* 
quite readily provided they possess the same number of chromosomes the- 
diploid and hexaploid types can only be inter-crossed with great difficulty. 
Exactly similar results were obtained in Festuca ovina aud various mor- 
phological types of F. rubra. Types of similar chromosome numbers inter- 
crossed quite readily, but very poor results were obtained when attempts 
were made to inter-cross F. ovina (tetraploid) and F. rubra (hexaploidj. 
On the other hand the two F. rubra types, hexaploid and octoploid, inter- 
crossed quite readily in both directions', so that it would appear that even 
where the chromosome numbers are different, if the difference is not very 
great, initial inter-crossing at least is readily possible. 

In the Phalaris species studied, an entirely different position is found. 
Here the two species studied have the same chromosome number and yet 
they are not easily inter-erossable, while the hybrid produced bears 
only a very small proportion of good pollen grains. A study of this 
hybrid has shown that although the chromosome numbers in the two 
parents are the same, the chromosomes themselves are not identical 
since in reduction division faulty pairing occurs, which results in the 
formation of imperfect pollen grains. It is thus evident that while* 
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chromosome number differences are extremely important, and prove to be 
a great obstacle to promiscuous inter-breeding, the same position may be 
reached along another line, namely, differences in the constitution of the 
chromosomes themselves. 


68. Polyploidy in Bolanum melongena L. 

E. K. Jaxakbimal, Madras. 

A single giant plant of Solanujti melongena, observed in a culture of 
100 Fj plants of a cross between a dark purple and a green fruited variety, 
showed 36 chromosomes in its root tips. The somatic number of chromo- 
somes in Solanum melongena being 24, the plant is a triploid. 

Binucleate pollen grains were observed m one of the parents, thus- 
proving that triploidy might have arisen by the chance fertilization of a. 
normal x gamete by one with a 2x number of chromosomes. 

A comparative study of meiosis in the diploid and triploid is given. 
14 seedling plants from a selfed fruit of the triploid showed 44-48 chromo- 
somes in their root tips. Since there is random distribution of chromo- 
somes during the reduction division in the triploid, tetraploidy in the 
progeny of the triploid must have arisen by the fertilization of gametes 
with »the *2x or closely 2x number of chromosomes. 

69. Chromosome stability in the genus Solanum. 

P. Bhaduri, Calcutta. 

Chromosome counts of the Indian species of Solanum showed that 
twelve is the basic number in this genus. The chromosome number of 
the following plants have been determined for the first time : S. trilohatum, 
S. indicnm, S. torviim and S. terhascifoUum. The chromosome numbers 
of the following plants which have been already worked out by workers 
abroad have been re-confirmed from plants grown here : S. xantliocarpum, 
S. melongena, S. lycopersicum, S. micrantfinm. The haploid number of 
the above mentioned plants is twelve (T2). 

In Solanum nigrum L, the haploid chromosome number, which was 
reckoned to be 36 by the European investigators gave the following' 
chromosome counts, viz., n 12; n 24; n 36. 

There was not much variation in the pollen size in the diploid types 
of Solanum species investigated. 

70. Mitosis in three species of Ficus, i.e., F. teligiosa, 

F. hengalensis, and F. Jcrishna. 

S. L. Ghose and L. S. Bath, Lahore. 

The nucleolus in some cases has a vacuole. The approach of the- 
prophase is indicated by the appearance of the reticulum. The chromo- 
somes are formed from the reticulum in the manner described by Gregoire- 
and Wyngaerts, as mentioned in Sharp’s Introduction to Cytology, 1921, 
p. 152. The longitudinal split in the chromosomes during prophase was, 
however, not observed. Chromosomes at metaphase are thicker than 
those at prophase. The number of chromosomes in F. religiosa, F. hen- 
galensis and F. krishna are 24, 20 and probably 16 respectively. 

71. Microsporogenesis in Dodonaea viscosa. 

S. L. Ghose and L. S. Bath, Lahore. 

The nucleoli of the spore-mother cells are pretty large. The major 
part of the staining material is lodged wdthin the nucleolus. The spireme 
is formed telosynaptically and is connected with the nucleolus. This- 
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connection is visible even at the open spireme stage. A few anaphases 
of the heterotypic division, but none of the homoetypic one, were 

observed. During telophase fresh nucleoli arise in the daughter-nuclei 

as pale bodies which later on stain deeply. Cytokinesis takes place by 
farrows. The haploid and diploid numbers of chromosomes are 14 and 28 
respectively. 

72. The embi^o-sac of Vanilla and the ‘ micellar feed- 

ing tissue ’. 

jM. a. Sampatkumaran ayid K. N. Seshagiriah, Bangalore. 

The nucellus consists of a central row of a few prominent cells 
surrounded by a layer of epidermal cells. The terminal cell of this 
central row is the archesporial cell, the remaining cells form 

a conspicuous ‘ nucellar feeding tissue ’ during the development of the 
embryo-sac and becomes even more conspicuous after fertilization. 

The course of megasporogenesis is not always normal. Abnorma- 
lities occur. An eight nucleate embryo-sac develops from the chalazal 
megaspore. 

Soon after fertilization, glandular cells from the inner wall of the 
carpel develop. Simultaneously with the development of these secretory 
cells the ‘ nucellar feeding tissue ’ also becomes very conspicuous, degene- 
rating only when the embryo is far advanced in its development. The 
existence of such a ‘ nucellar feeding tissue ’ has not been recorded as 
far as the authors are aware in the ovules of oi'chids. 

73. The development of embryo-sac and fertilisation in 

Jute. 

I. Banbrji, Calcutta. 

The development of embryo-sac has been studied in Corchorus cap- 
sularis li, and also in Corchorus olitorius D. 

The archesporial cell is hypodermal in origin. In some cases two 
archesporial cells have been found to occur side by side. The archesporial 
-cell functions as a megaspore mother cell and produces a normal linear 
tetrad of four megaspores. The first three megaspores from the micropy- 
iar end always degenerate, while the fourth develops and produces an 
octonucleate embryo-sac. No tapetal tissue has been observed. In the 
mature embryo-sac the synergids have pointed ends and conspicuous 
vacuoles placed distally. The egg is placed centrally between the syner- 
gids. The polar nuclei lie in the centre of the embryo-sac and close to 
each other but do not fuse. The antipodals appear as separate cells with 
cytoplasmic walls. They degenerate very soon. 

The pollen grains germinate on the stigma within thirty minutes 
after pollination and they traverse the stylar tissue in the course of next 
three hours. Pollen tubes have been noted in the micropylar end of the 
ovule six hops after pollination. Generally one of the synergids disinte- 
grates at this stage. The process of fertilization appears to be normal. 
Triple fusion of nuclei has been observed in a number of preparations. 
The process, however, appears to be slow. The metaphase of the first 
division of the endosperm nucleus was first noted 72 hours after pollina- 
tion. 

74. The development of embryo-sac of Cassia Tom Linn. 

E. M. Datta, Galcntta. 

The archesporial cell is hypodermal in origin. 

A normal linear tetrad is formed of which the first three cells disinte- 
grate and the last functions as the megaspore. 
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The megaspore divides in the usual manner and produces an octo- 
nucleate embryo-sac. 

The anti-podals are ephemeral in nature and become disorganised 
before the differentiation of the egg-apparatus. 

The fully differentiated embryo-sac contains the egg cell , the two syner- 
gids, and the two polar nuclei. 

The polar nuclei he close together but do not fuse completely. 

75. The cleTelopment of ovule and embryo-sac in 

Solaniiin melongena L. 

P. N. Bhaduri, Calcutta. 

The ovule initials differentiate as groups of cells from the diffentiated 
sub-epidermal layer. 

The single integument develops after the differentiation of the arches- 
porium and when fully developed almost covers the deeply seated mature 
embryo-sac. 

The megaspore mother cell originates in the hypodermis and is covered 
by a single layer of nucellar tissue. Sometimes two or three megaspore 
mother cells develop, either side by side or one below the other. 

By two divisions, the megaspore mother cell gives rise to a linear 
tetrad of 4 megaspores. The chalazal megaspore develops and forms a 
normal eight nucleate embryo-sac, while the other three degenerate. 

The antipodals which appear to be lens-shaped cells degenerate before 
fertilization. 

The embryo-sac is ‘ jacketted ’ by a single layer of binucleate tapetal 
cells. 

During the meiotic prophase of the megaspore mother cell alveoliza- 
tion and parallelism of the linen thread is quite conspicuous. Very tight 
contraction of the thread was not observed during synizesis. The spireme 
comes out of synapsis in loops and is continuous. The longitudinal fission 
in the univalent spireme is homologous with that found in the early 
prophase; univalent chromosomes remain attached end to end forming 
the loops. The pairing of the univalent chromosomes begins earlier and 
is completed during the second contraction. The bivalent chromosomes 
begin to split apart as it comes out of second contraction. Heterotype 
chromosomes are formed by the segmentation and condensation of these 
univalent pairs attached end to end. The twelve bivalent chromosomes 
remain attached to each other by stainable material which appear as 
bonds between univalent chromosomes during early anaphase. 

Homotypic split in the univalent chromosomes reappear suddenly 
during the anaphase of the heterotypic division. 

Chromatic protrusion from the nucleolus takes place from the early 
prophase to late diakinesis in the nuclei of the megaspore mother cell. 

Alveolization and parallelism of threads is also present in the nuclei 
undergoing mitotic division in the embryo-sac. 

The twelve haploid chromosomes found in the mitotic division in the 
embryo-sac are curved like the somatic chromosomes of the sporophyte. 

76. Cytology of Capsicum. 

A. R. Banerji, Calcutta. 

The ovule initials originate from the sub-epidermal layer of the 
placental tissue. 

The nucellus consists of a very small number of cells. 

There is a single and massive integument which covers the nucellar 
tissue, the innermost layer of which serves as the tapetal layer. - 

With the growth of the integument the ovule bends and becomes 
anatropous. 
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Always a single inegaspore mother cell differentiates which does not 
cut any parietal cell and by two successive divisions gives rise to 4 
megaspores arranged lineally. 

Three megaspores degenerate, the innermost or chalazal one functions 
and produces the female gametophyte. 

Normal method of embryo-sac development is observed with 2 beak- 
shaped synergids, one egg, 2 polars and 3 antipodals. The antipodals 
soon degenerate. 

The floral organs appear in accropetal succession, and after their 
• differentiation, the primordia from which the stamens and corolla had 
■ originated grow en masse, and thus bring about the epipetalous natui*e 
of the stamens in the mature flower. 

In meiosis of the pollen mother cells the archesporium originates in 
-the hypodermal layer. 

There is marked differentiation of tapetal tissue which becomes bi- 
nucleate by a single mitotic division. 

Periplasmodium formation was observed by the dissolution of the 
tapetal cell-wall and the fusion of the protoplasm. 

Meiosis has been studied both during micro- and megasporo-genesis. 
The spireme shows alveolisation throughout. The manner of pairing of 
the synaptic mates has been shown to be in accordance with the 
telosynaptic theory. 

Multipolar origin of the spindle has been recorded. 

^ Two types of fibres are distinguished in the spindle. 

Cytokinesis takes place by vacuolation. 

Tetrad chromosomes were observed in megasporogenesis. 

The nucleolus shows nucleolar protrusion and distinct reduction in 
size with the onset of the metaphase. 

Chromosome numbers in Capsicum annuum and C. frutescens have 
'been determined and were found to be 12 haploid. In C. annuum the 
^counts of previous investigators have been confirmed. The chromosome 
.number for C. frutescens has been determined for the first time. 

77. The development of the flower in Jute. 

I. Baneeji, Calcutta. 

The development of floral organs has been studied in Cor chorus cap- 
sularis and Chorchorus olitorius. The flower primordium appears first 
»'as protuberance in the axil of a bract. The sequence of development of 
the flower appears to be sepals, petals, stamens and pistil. The calyx 
’has very pronounced growth and completely encloses the flower from a 
very early stage. The growth of the petals is arrested at an early stage. 
The petals, however, resume growth and become differentiated when the 
other floral organs have been developed and when pollen foz'mation is 
.nearly complete in the anthers. 

78. Contributions to the life history of Eclipta erecta. 

H. B. Bhakgava, Agra. 

Eclipta erecta is a common Composite here. The central flowers are 
all tubular and hermaphrodite, while the ray-flowers are female with no 
trace of the stamens. 

^ The anther wall consists of three layers below the epidermis, endothe- 
cium, one middle layer and the tapetum. The tapetum is two to many 
nucleate. The nuclear divisions are mitotic and there is a frequent fusion 

the nuclei in each cell. The microspores are arranged tetrahedrally. 
The mature pollen-grain has a crescent shaped generative cell and a tube 
nucleus. 

A hypodermal cell of the young nucellus forms the primary arches- 
jponal cell. This cell functions directly as the megaspore mother cell 
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which enlarges rapidly and divides to form a linear tetrad of four megas- 
pores. The lowest megaspore functions, the other three degenerate. 
There is a single massive integument and the ovule quickly becomes ana- 
tropous. The nucellus is very thin. 

The mature embryo-sac is long and narrow and of the eight nucleate 
type. At the micropyler end there are the two long synergids with 
slightly developed hooks and the egg, and at the other extremity are 
the three antipodal s. The two polar nuclei meet in the centre to form a 
fusion nucleus. The mature embryo-sac is surrounded by a nutritive 
jacket of densely staining cells. Pollen tubes were present in the older 
ovules, which is mdicative of normal fertilization. 

79. Abnormal plants of Argemone mexicana. 

A. C. JosHi, Benares. 

Two plants of Argemone mexicana were found at Hoshiarpur (Pun- 
jab) differing in several respects from the normal. The calyx was 
persistent even in the fruit, not caducous as is the case usually. Corolla 
was mostly green. In some flowers it showed several shades between 
green and yellow. It was persistent even in the fruit like the calyx. 
Most of the stamens appeared to be sterile. The ovary had a small stalk 
and was crowned with a distinct style. In most cases it curved outwards. 
The leaves were quite normal. Both of the plants were quite health^ 
aud showed no signs of an attack either by any fungus or "insect. The 
exact cause of these abnormalities is not known but the sterility of most 
of the .stamens suggests some sort of crossing to have caused these 
variations. 

80. Secondary thickening in the roots of Stelleria chamae- 

jasviae. 

A. G. JosHi, Benares. 

The roots of Stelleria cliamae-jasmae possess a unique type of second- 
ary thickening, something like which has been described only in the 
roots of a species of Myrrhis. The primary structure of these roots 
is quite normal except that it has not been possible to make out 
the number of protoxylem groups. The primary cambium originates 
quite in the normal way but soon after another cambium is formed on its 
inside probably from the wood parenchyma cells or from the pre-existing 
cambium itself and begins to function in a way quite opposite to that of 
the primary outer cambium. The primary cambium forms wood on the 
inside and phloem centrifugally, but the inner secondary cambium forms 
wood on the outside and soft bast centripetally. The outer cambium is 
fairly regular in outline, but the inner one is very irregular, bulging 
inwards and outwards at a number of places. The outer cambium 
also bulges inwards at some places, where the inner one is bulging out- 
wards. The two then meet and break up the stele into several parts. 
Many other small separate steles are formed by the looping of the inner 
cambium alone. AH these go on increasing independently in size and 
the result is the formation of a very complex type of polystele. The 
shoot of this plant shows normal structure. 

81. The perennation method of Zeuxine sulcata. 

A. C. JosHi, Benares. 

The perennation method of Zeuxine sulcata ^ the little orchid found all 
over Northern India, is of a very simple but not of a very common type. 
Towards the end of the growing season, at the base of the flowering axis, 
under the earth, certain shoots are formed. These remain underground 
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during the first year and all the available food passes into these shoots 
and is stored there. After flowering and fruiting, the main shoot dies 
away, but these branches are left behind. In many cases these have 
developed their own roots before the death of the main shoot. On the 
coming of the next favourable season, these underground shoots grow up 
into new plants. As generally more than one underground shoots are 
given off from one plant, this method serves in vegetative propagation 
also. Among the tuber-forming species, this mode of perennation has a 
close resemblance with that of the Ophrydineae, where the tuber repre- 
sents next year’s stem- bed, fused with the fleshy adventitious root stand- 
ing exactly beneath it and it is suggested that this method has originated 
from the less complex Zeuxine condition. 

82. Mierostructure of the shoot of Dioscorea alata Linn. 

With reference to its specific distinction. 

Ekendranath Ghosh, Calcutta. 

Microstructure agrees in general with that of other species, both of the 
same genus and of the other genera. Stem, with depressed, capitate hairs, 
scanty collenchyma, endodermis of one layer of small cells and with thick 
6-celled layer of sclerenchymatous pericycle. Vascular bundles 13 in num- 
ber and arranged in a ring; they consist of 4 large (beneath the furrows) 
3 medium-sized (beneath the 3 wings) and 6 small bundles between them. 
Xylem vessels in two radial rows, right and left, converging both extern- 
ally and mternally and connected by small vessels at their ends. Xylem 
vessels divisible into an inner, middle and outer groups, middle one 
consisting of large vessels. Phloem in small patches, 2-3 in number. 
Their position is characteristic of the species. Sclerenchyma well-deve- 
loped in the bundles surrounding the phloem. Petiole with feeble 
collenchyma, an irregular row of cells representing the pericycle and 7 
bundles, 5 large beneath the 5 wings and 8 small beneath the upper 
surface. Lamina with upper epidermis of one layer of large cells. Pali- 
sade parenchyma of one layer. 

The thick sclerenchymatous pericycle, circularly-placed vascular 
bundles with peculiar arrangement of the vessels and that of the phloem 
in one or more patches are characteristic of the family, Lioscoreaceae, 
The number, variety and disposition of the bundles and the position of the 
phloem are of specific value, 

83. Studies in the morphology of pollen grain — (a) 

Cucurbitaceae. 

T. C. N. Singh, Benares. 

A study has been made of the pollen grain of the species belonging 
to the following eleven representative genera z—Trichosanthes , Luff a, 
Momordica, Gucumis, Citrulhis, Coccinia, Ciicurhita, Melothria, Bryonop- 
siSf Lagenaria and Benincasa, 

The structure including external shape and form of the pollen grain 
both under dry and wet conditions is described. It is striking that in 
most the pollen grains appear to have germinated in situ, some of them 
being possessed of rather long pollen-tubes. 

The results obtained are discussed in the light of systematic relation- 
ship of the species under study. 

84. On the production of secondary root-hairs on old root- 

stocks of Cambodia (Gossypium hirsuium), 

T. C. N. Singh, Benares. 

' Cambodia is one of the important cottons which has been engaging 
the attention of investigators on account of the physiological disease (Red 



(29) 


Abstracts, 


319 


leaf blight) from which it suffers so very considerably. It is interesting 
to note that root-washings of these plants have shown a peculiar pheno- 
menon in the fact that root-hairs have been found (formed secondarily) 
on old-root-stocks in quite a great abundance in addition to those which 
occur normally a little behind the root-tips. The root-hairs thus formed, 
like the normal root-hairs, are elongate and uni-cellular with one nucleus 
each. 

The significance of this important physiological phenomenon is dis- 
cussed in the fuller paper. 

85. Extra-floral nectaries in Ricinus communis and their 
role in pollination. 

N. M. Mukerjbe, Agra. 

Such nectaries are observed to occur in the castor plant in place of 
stipules and on the petiole and at joint of the petiole with the lamina. 
They occur on all the leaves since the early stage of the plant although 
in a rudimentary condition specially the stipular ones. Their secretion 
attracts insects like ants which may be observed visiting these nectaries. 
But when the inflorescence appears with its female flowers at the top and 
the male ones at the lower end of the axis the importance of the nectaries 
can be understood. The inflorescence is surrounded on all sides by leaves 
with their j^tioles obliquely pointing upwards. The disposition of the 
nectaries on inner side of the petiole facing the inflorescence and along the 
length of petiole seems to suggest this to be a device for attracting the 
insects to the lower region of the male flowers, thus securing self or cross 
pollination. 


86. Seedling leaves of Leguminoseae. 

N. M. Mukerjee, Agi’a. 

An interesting feature observed in the behaviour of the first leaf 
after the cotyledon in the three sub-families of Leguminoseae. Observa- 
tions made on seedlings of a number of species of the three sub -families 
so far observed showed that the first leaf of the Papilionateae is always 
simple even in cases where the adult left is compound, the subsequent leaf 
assuming the normal form. In the cases of Caesalpinoideae and the Mimo- 
soideae however the first leaf after the cotyledons is compound (or lobed 
in Bauhinias) the subsequent leaves assuming normal form. This fact 
may have some bearing on the evolutionary history of the three sub-families 
of the Leguminoseae. 

87. A note on the germination of seeds of Nelumhium 

specioBum. 

N. M. Mukerjee, Agra. 

The ‘ seed ’ is really a nut with a hard pericarp containing inside 
a well developed embryo with two distinct green leaves in the plumle. 
Eadicle is functionless and the cotyledons are retained inside the nut. 
The nuts first float in water to secure dispersal, then finally sink for 
germination. The first leaf emerges out of the crack at the lower end of 
the nut by pushing out the petiole in the form of a loop and the blade is 
then gently drawn out. The petiole of the first leaf lengthens out and 
then emerges the second leaf in the same manner, the stem also appearing 
at the same time. Adventitious roots appear on all sides round the stem 
at the place of its emergence from the nut. By the time however the 
first leaf assumes the floating position, the nut hangs down like an anchor, 
and the roots therefore develop more on the lower side. The continuous 
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growth of the embryo is remarkable and may be considered as a case of 
vivipary. The retention of the germinating plant in the fruit appears 
also to*^be biological adaptation as found in other aquatics like Trapa. 

88. Two and three carpels in Cassia fistula flowers. 

A. Sawhney, Amritsar. 

The family Leguminoseae is characterised by a single carpel but some 
flowers of Cassia fistula have been observed in which the number of carpels 
is two or three. When the carpels are two in number they are found lying 
side by side with the basal part of the gynophores fused together while a 
part of the gynophores and the ovary, etc., remain free from one another. 
If the number of carpels is three, one of the carpels is fused by its gynophore 
to the fused basal portions of the gynophores of the other two carpels only 
for some distance. The gynophores of the other two carpels separate at a 
little higher level. All the three gynophores, however, can be traced to the 
base and the three carpels lie side by side. 

89. Tri- and tetra-carpellary, siliquas of Eruca sativa. 

A. Sawhney, Amritsar. 

Siliqua is a characteristic fruit of the family Cruciferae. It is developed 
from the ovary of a bicarpellary pistil, in which there are two parietal 
placentas and a false septum stretching between them. In Eruca sativa this 
false septum is continued as a flat beak at the top of the fruit. Interesting 
cases, however, have been observed where the number of carpels is three or 
four. The third carpel always arises at a liigher level than the normal two 
and is alternating with them. The fourth carpel arises opposite the third 
one (alternating with the normal two) at the same level or again a little 
higher up. The beak in those cases is tri- or tetra-gonous accordingly as the 
number of carpels forming the fruit is three or four. The fruit is three 
chambered in both the cases. When the carpels are three the septa separat- 
ing the chambers are radially arranged but if the number of carpels is 
four the three chambers are arranged in a row transversally. 

90. Morphology of Balanophora. 

M. A. Sampatkumaran and L. N. Eao, Bangalore. 

PALAEOBOTANY. 

91. On a specimen of Zygopteris pmnaria Cotta show- 

ing the stem and leaf-trace sequence, with remarks 
on the mode of emission of the pinna-traces. 

B. Sahni, Lucknow. 

Just over a century ago Bernhard Cotta described, from the Permian of 
Baxony, a silicified zygopterid fern under the name Tuhicaulis primarius. 
Only one specimen of this important species has yet been described, and 
in the several fragments of it, now in the museums at Preiberg, Chemnitz, 
Dresden, Berlin, London, and Paris, all of which the present author has 
recently examined, there is no trace of the stem; our knowledge is confined 
to the petiole and that too is inadequate. 

The author now describes the root, stem and leaf-trace sequence from 
an old specimen in the Cotta Collection at Berlin, which had been overlooked 
for many years. He is indebted to Dr. Julius Schuster of the Museum 
fur Naturkunde of the Berlin Umversity for drawing his attention to this 
-fossil and for permission to describe it. 
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The stem has a large protostele with an enormous development of 
secondary wood, as in Botrychioxylon paradoxum. The root is usually diarch 
and also shows a great development of secondary sylem. As seen in serial 
sections from below upwards the leaf-trace is at first an elliptic bi;^lar 
strand with usually some secondary sylem over the two ends and sometimes 
all round the bundle. At this stage the strand often shows a slight curvature 
with the concavity outwards, that is, away from the stem stele. Higher up, 
the secondary wood is lost, and the bundle straightens out into a tangenti- 
ally extended band, from the two ends of which perpendicular processes 
are thrown out. The bundle thus acquires the appearance of an H with 
an usually long horizontal bar, thus |-J- Careful investigation of the 
mode of origin of the pinna-traces in both the specimens has shown that 
the previously published accounts (Stenzel 1889, P. Bertrand 1909) are 
incorrect in important points. It has been found that the structure and 
mode of branching of the petiolar bundle is in every essential respecl 
identical with that of the genus Etaptens of Bertrand (1907). 

We may thus say that Zygopteris primaria was a fern with the stelar 
structure of Botiyehioxylon (Scott 191*2) and the petiolar structure of 
Etapteris (Bertrand 1907). Had the details of the petiolar structure and 
the mode of omission of the pinna-traces in Z. primaria been correctly eluci- 
dated by Stenzel and Bertrand, the form genus Etapteris would not have 
been founded. The question now is, whether Etapteris should still be 
maintained for the detached petioles or whether it should be merged in 
the much older genus Zygopteris of Corda (1845). 

92. Dadoxylon Zalesskyi, a new species of Cordaitean 
trees from the Lower Gondwanas of India. 

B. Sahni, Lucknow. 

Under this name it is proposed to describe a silicified stem from 
near Asansol, in the Eaniganj Coalfield, Bihar. The fossil was kindly 
sent to the author by Professor K. E. Mathur of Benares Hindu Uni- 
versity, to whom his sincere thanks are due. 

Silicified wood of the Dadoxylon type has long been known to 
occur in the Eaniganj area, and in recent years large tree-trunks have 
been discovered near Asansol on the E. I. Eailway {Rec. GeoL Surv. 
India, vol. 58, pp. 75-79). The (Geological Survey of India have reason 
to believe that this fossil wood occurs at a definite horizon in the Eani- 
ganj Series (C. S. Fox, 1928, Rec, Geol, Surv. Ind., vol. 60, pt. 4). The 
presumption is that all these trees were Cordaitean (not Araucarian), and 
most, if not all, of them may have belonged to one species. But owing 
to poor preservation and especially owing to the fact that the pith and 
primary wood have not been found preserved in any of them, it has not 
so far been possible to determine their affinities. 

The interest of the present specimen lies in the fact that the pith 
and primaiy xylem are preserved both in the main axis and in several 
lateral branches. The structure shows that the stem belonged to a 
•Cordaitalean tree of the Gondwana type. The close resemblance both in 
-external characters and in the structure of the secondary wood with 
the large trees from Asansol supports the view that the latter also belong 
to jD. Zatesskyi, but this cannot be proved unless the pith and primary 
structure is shown to be the same. 

The pith is large and cylindrical (not discoid as in the northern 
•Cordaiteae). The protoxylem is simple, not showing any parenchyma 
islands such as Miss Holden described in B. indieum (Ann, of Bot,, 
vol. 31, pp. 315-320). From D, bengalense (Ann. of Bof., vol. 31, pp. 320- 
324) the new species differs in the absence of any CalUxijlon-like grouping 
of the radial pits on the secondary tracheids and in other respects. 

D, Zalessky i is thus distinct from both the previously described In- 
dian species, which are said to be of Barakar (= Lower Permian) age. If, 
as is most probable, the present specimen comes from the same geological 
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horizon as the numerous other specimens found in the Eaniganj area, 
its age would be distinctly younger, for it would correspond to the 
Eaniganj Stage, which is generally regarded as late Permian. 

93. Falmoxijlon Mathuri, a new species of petrified palms 

from Cutch, Western India. 

B. Sahni, Lucknow. 

A silicified block from Laknipur in Cutch kindly sent to the author for 
investigation by Professor K. K. Mathur of the Geological Department, 
Benares Hindu University, is here described under the name P. Mathuri 
sp. nov. 

The preservation is excellent. In the ground-tissue scattered round 
fibrous bundles are present. The parenchyma is interesting on account of 
its markedly lacunar character, the individual cells as seen in cross-sec- 
tions of the stem being narrow and much elongated in the horizontal 
direction, with very large interspaces. 

Geological age, unknown. 

94. Anatomical proof of the Cycadophyte affinities of 

Taeniopteris spatulata McGl. 

B. Sahni, Lucknow. 

Some silicified blocks from the Eajmahal Hills (Santal Parganas, 
Bihar) are largely composed of petrified leaves of Taeniopteris spatulata 
McCl. This is a characteristic Jurassic fossil with a wide geographical 
distribution, which has hitherto been found only as impressions, and of 
which the affinities are therefore uncertain. 

Thin transverse sections of the leaf show, in the rather broad mid- 
rib, a row of mesarch collateral bundles of typical cycadean structure. 
There is a well developed triangular patch of centripetal xylem; the 
centrifugal xylem is separated by thin- walled tissue from the protoxylem; 
there is marked evidence of secondary growth in the abaxially placed 
phloem. Longitudinal sections of the lamina, cut parallel to the midrib, 
show a horizontal series of bundles (the lateral veins) each placed in the 
middle of a girder of mechanical tissue. 

The general belief that T. spatulata was the leaf of a fossil cycad 
and not of a fern is strengthened by the analogy of T. vittata, an allied 
species of frond which most probably belonged to WilUamsoniella coronata. 
The present work provides the first anatomical evidence in support of 
this view. 

The material was found by Mr. G. V. Hobson of Geological Survey 
of India, and is being described with the kind permission of the Direc- 
tor. 

95. Gonites Hobsoyii, a new species of fossil ovuliferous 

cones from the Bajmahal Series, Bihar. 

B. Sahni, Lucknow. 

The silicified leaves of Taeniopteris spatulata described in the above- 
paper are associated with numerous vegetative shoots of Brachyphyllum 
and some small silicified ovuliferous cones here described as Gonites Hobsoni 
sp. nov. 

There is some evidence, although definite proof is still lacking, that 
these cones were borne upon the associated Brachyphyllum shoots, which 
externally resemble B. mamillare. 

So far as it is known at present the cone-scales were simple; a single 
ovule was placed on the adaxial side of each scale. The anatomy of the 
cones is described in detail. 
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It has been suggested by others that at least some species of Brachy- 
phyllum were conifers of araucarian af&nity. This suggestion would find 
strong support if the attribution of Conites Hobsoni to the associated shoots 
is confirmed. 

The author is indebted to Mr. Hobson and to the Director of the 
Geological Surrey for the loan of the material for investigation . 


96. On a collection of fossil plants from the Eajmahal 
Hills, Bihar. 

B. Sahxi a7id A. B. Bao, Lucknow. 

In December, 19*27, a party from the Botanical Department of the 
Lucknow University visited several localities in the northern part of the 
Bajmahal Hills, Bihar, where plant-bearing beds of Jurassic age, inter- 
stratified with volcanic lavas, are exposed in numerous patches. The 
chief localities where fossil plants were collected are near Mirzachowki, 
near Sakrigali Ghat and Onthea. The following is a provisional list of 
the species collected : — 

EQUISETALES.— 

Equis elites sp. 

FILIGALES,^ 

Sphenopteris Hislopi 0. and M. 

Sphenopteris sp. 

cf. Coniopieris hymenophylloides Brongn. 

Marattiopsis macrocarpa Morris sp. (including fertile leaves). 
Gleichemtes gleichenoides. 

Cladoplilehie indica 0. and M. sp. (also a fertile specimen). 
Rhizomopteris sp. 

GYCADOPHITA.— 

Ptilophyllum cf, P. cutchense Morris. 

P. acutifolium O. and M. sp. 

Otozamites parallelus Bst. sp. 

Zamites proximus Fst. 

*Pterophyllum incisum sp. nov. 

Pterophyllum sp. a. 

Pterophyllum sp. jg. 

Dietyozamites falcata Morris sp. 

D. indica Fst. sp. 

*D. Hallei sp. nov. 

Taeniopteris spatulaia McCl. sp. 

T. McClellandi 0. and M. sp. 

T. (? Nilssonia) spp. 

Nilssonia (*? Anomozamites) fissa Fst. sp. 

N. Morrisiana 0. and M. sp. 

N. princeps. 

Seeds, probably of Nilssonia sp. 

GONIFERALES.-^ 

*Araucarites Florini sp. nov, (megastrobfii). 

Araucarites sp. 

Elatocladus conferta 0. and M. sp. 

E, tenerrima Fst. sp. 

E, spp. 

Br achy phyllum expansum Stemb. sp. 
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mCERTAE.^ 

Podozamites sp. 
cf. Cycadolepis, 

Indeterminable fragments, including silicified wood. 
The three species marked are new. 


PHYSIOLOGY AND ECOLOGY. 

97. Part played by living cells in the ascent of sap. 

T. Ekambaram and I. Madhusudana Eao, Madras. 

Experiments were conducted to find out the part played by living 
cells in the ascent of sap. 

Shoots of Barleria cristata were selected for the work as many others 
were unsatisfactory. 

Special apparatus was devised for recording automatically the rase 
of absorption and rate of transpiration under different treatments. The 
quantities recorded were -03 c.c. to -05 c.c. of water in absorption and 20 
milligrammes in the course of evaporation. 

When water was supplied at the cut end, rate of absorption and 
transpiration was found to be almost constant till 3 p.m. when there was a 
slow fall. 

When 20 per cent. Formalin solution was supplied at the cut end, 
the rate of absorption was almost constant for about an hour, when there 
was a visible fall in the rate. This reached a maximum of about one-third 
the rate in water and by this time all the leaves were discoloured generally. 
The rate recovered to some extent afterwards. 

Rate of transpiration was affected slightly with the same treatment 
after half-an-hour ; the rate was reduced to half the rate in water but the 
recovered rate was usually either equal to the rate in water or even 
quicker. 

When the leaves were coated with pure Formalin, the fall in the 
rate of absorption started in 15 minutes, the rate becoming one-third the 
normal or even less in half-an-hour to one hour, and recovered equally 
rapidly to a varying extent rarely approaching the rate in water. 

The rate of evaporation was not reduced with this treatment. It was 
even quicker after the leaves were discoloured. 

The leaves were coated with pure Formalin. When the rate, after 
recovery from the fall, was more or less constant, 20 per cent. Formalin 
was added at the cut end. There was no fall in the rate after the second 
treatment. The graph followed the course of the one obtained in Section 3. 

It is inferred from these experiments that the fall in the rate of 
absorption is due to changes brought about in leaf cells by the poison and 
that the cortical cells of the stem take no part in the ascent of sap. 

The factors involved in bringing about changes in the absorption and 
transpiration curves under Formalin treatment are discussed. 

Pororaoter readings were taken when 20 per cent. Formalin was added 
at the cut end and were compared with those of control plants. The 
stomata were open when the leaves were killed (after discolouration). 

98. On the effect of long and short- day illumination on 

the growth of tropical plants — ^II. 

B. N. SiNHA, Chapra, 

Experiments on the effect of different periods (control in shade ; experi- 
mental under the following hours of exposure 7 a.m. to 9 a.m.; 7 a.m. to 
11 a.m.; 7 a.m. to 1 p.m.; 7 a.m. to 3 p.m.; 7 a.m. to 5 p.m.) of direct 
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exposure to sunlight have been made on the following three species of 
crop plants : 

(a) Brassica camyestris var. Sarson. 

(b) Cajanus indicus Spreng. 

(c) Hordeum vulgare L. 

It is interesting to note that the results obtained are in conformity 
with my last year’s experiments on gram (see Proc, Indian Sc. Congress^ 
1931). They are as follows : 

Germination . — The germination was certainly quicker in the pots less 
exposed to the sun. 

Aerial sJioot . — ^^"ith the increase of sun-illumination there was a 
decrease in the length of the aerial shoot but the laterals were much better 
developed and the leaves were darker green. 

Root-system . — Just the reverse was the result obtained in the case 
of the root-system, namely that, the longer the plants exposed to the sun the 
longer was the root -system developed. A difference of nearly two times was 
noticed in the length of the root-system of the plants exposed to the sun 
throughout the day as compared to the control. 

99. On the effect of Copper-sulphate on the growth of 
gram {Cicer arietmum L.) 

B. N. SiNHA, Ghapra. 

Series of experiments have been performed by the author with different 
strengths of Copper-sulphate solution on gram. The control plants were, 
however, treated with spring water. The treatments were continued 
throughout the life-history of the plants. The following results have been 
obtained : 

Germination . — Practically no difference was noticed. 

Aerial shoot . — ^Plants treated with weaker fl*5 per cent.) solutions 
displayed the best shoot development both with regard to length and lateral 
expansion. But with higher doses than 1*5 per cent., they showed un- 
healthy signs of growth. 

Root-system . — As in the case of aerial shoot so also in this case 
weaker doses stimulated the growth in length and also lateral expansion 
of the roots, while higher doses definitely retarded growth. 

Flower and Fruit . — The same dosings which were conducive to 
the better development of the shoots and roots, also stimulated early flower- 
ing and fruiting, the best results being obtained in plants treated with 
1-5 per cent, solution. 

ICO. Diurnal movements of the leaflets of Sesbenias. 

N. M. Mukeejee, Agra. 

The leaflets of the pinnate compound leaves of S. gradi flora and S. 
aegyptiaca were observed to constantly rotate and adjust themselves to 
fully face the direction of sunlight in course of the day. They were observed 
to face eastwards in the morning light, assumed the horizontal position 
at mid-day and faced westwards in the afternoons and the evenings, in 
darkness they returned to the sleeping position. Only on cloudy days they 
did not show this movement and remained in more or less the horizontal 
position. 

101. Staminal movements in Gerbera lauiigbwsa. 

B. Sahni, Lucknow. 

The author records the occurrence of staminal movements in a com- 
mon N.W. Himalayan plant, Gerbera lanuginosa fCompositae), which 
is widely distributed in the Punjab Hills at altitndes between 5,000 and 
7,000 feet above sea -level. 
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The movements are remarkably like those well known to occur in 
Centaiirea, and the mechanism is the same, namely, a shortening of the 
filaments owing to diminished tnrgidity of their cells. When the disc floret 
is ready to be stimulated the tip of the anther tube is closed by the five 
valves of the tube meeting in a point at the top. The staminal column 
presents exactly the same subulate, very slightly curved, appearance as in 
Centaiirea. If the tip is gently tickled the staminal column becomes visibly 
shorter, at the same time swaying gently to one side or the other 
in the same manner as in Centaurea. The tip of the anther tube 
is then seen to be covered by a mass of pollen; if one observes the process 
carefully with a strong pocket lens, the fairly large pollen grains are seen 
forced out in strings through the five chinks between the valves of the 
anther tube. 

‘ There is a slight difference from Centaurea in the structure of the 
style. In Centaurea the style is covered by upwardly pointed hairs and at 
a point below the bifurcation of the stigmas there '‘is a ring of specially 
long bristles, which aid in sweeping the pollen up through the anther 
tube. In Gerhera there is no such bottle-brush arrangement. The opposed 
stigma lobes are together slightly thicker than the style and serve merely 
as a piston to push the pollen forward. The lower parts of the filaments 
are of a yellow orange colour and under the microscope their surface 
appears papillate. 

The author is not aware that these movements have previously been 
recorded in the genus Gerhera, 

102. Variability of the osmotic strength of the sap of 

Cuscuta. 

P. Parija atid A. B. Saran, Cuttack. 

(A) With a view to finding out the extent to which the osmotic 
strength of the sap of a plurivorous parasite like Cuscuta could vary, 
twigs of the host were supplied with various concentrations of grape-sugar 
thus raising the osmotic strength of the sap of the host. Consequent on 
this, the sap of the parasite rose in strength but up to a maximum. If 
the strength of the host-sap was raised further, the parasite-sap showed 
no further rise but the quantity of starch in the cells of the parasite 
increased. The range of variation was about 10 per cent, below the 
maximum. 

The sap strength of all the available hosts (7 genera representing 5 
families) falls within this range. 

(B) Incidentally ii was observed and investigated that only chemical 
stimuli induce the production of haustoria. 

103. Dormancy of the seeds of the Water Hyacinth. 

P. Parija and B. K. Kar, Cuttack. 

The seeds of the water hyacinth remain dormant for at least one 
season, i.e., from November to June, and retain their viability for several 
years. An attempt was made to ascertain the cause. It is found that : — 

(a) The embryo is fully developed when the capsule bursts and thus 
the under-development of the embryo cannot be the cause of 
dormancy. 

(h) The seedcoat is the main cause of dormancy. 

(i) by offering physical resistance, as the seeds could be made to 

germinate by rupturing the coat with a scalpel; 

(ii) by preventing the entry of oxygen, as seeds could be made to 

germinate by bubbling oxygen through the water in which 
seeds were soaked. 
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(c) This confirms the suggestion put forward by one of the authors that 
the mud-covered seeds in the field do not germinate for lack of 
oxygen. 

104. Study of the Latex. I. Daily Tariation of sugar in the 
latex of Plumiera acutifolia Linn. 

P. Paeija and B. K. Kar, Cuttack. 

With a view to studying the effect of restricted supply, or absence, of 
oxygen on the composition of latex, preliminary study of the sugar 
variation m the latex of Plumiera acutifolia was undertaken. Calvert’s 
method was used in estimating sugar. The results are set out in this paper 
and an attempt is made to correlate the variation in sugar with light and 
temperature. 

lOo. The effect of light on the respiration of starving leaves. 
II. Estimation of sugar in starving leaves of Aralia 
before and after exposure to light. 

P. Paeija and A. B. Sarax, Cuttack. 

It was reported last year that very short exposures (7-5 mins.) to 
light raised the rate of respiration of starved leaves. With a view to 
seeing whether light brings about any change in the sugar concentration, 
leaves were analysed for sugar both before and after exposure to light. 
Calvert's method" used by Dastur was used for the analysis. It is found 
that short exposures (7*5 mins.) in some cases more than doubles the sugar 
contents which in the unexposed leaves is of the order of 0*002 grs. per 
10 grs. fresh weight. 

106. Daily variation of sugar in the leaves of tropical plants. 
B. K. Kar, Cuttack. 

Quantitative estimates of sugar by means of Pavy's solution were 
made from the leaves of the following plants : — 

ilfonocofs. Dicots. 

1. Allimn tuberosum. 1. Mangifera indica. 

2. Eichhornia sp. 2. Gossypium neglectum. 

3. Arundo donax, 3- Helianthus annum. 

The estimates were made at every 3 hours interval and carried over to 
24 hours. The following interesting facts were noted : — 

Both monosaccharides and disaccharides increase rapidly in amount 
after daybreak reaching the maximum at about mid-day after 
which the quantities of each fall rapidly till the following dawn. 
In Dictos a secondary rise much lower than that of the day is 
seen at 1 a.m. This secondary rise is either absent or if present 
quite negligible in case of Monocots. 

The variation of the total reducing sugars is generally smfiar m 
every case; but individual sugars show different variation in 

different plants. 

In dark there is continuous fall in total sugar. In some cases the 
fall in monosaccharide values are more marked than in disac- 
charide values. _ ^ 

An important relation between disacebaride and. monosac(jhariae 
values has been derived by taking the disaccharides as unity. 
This ratio has been shown to have a constant and higher value 
during the day and a lower but constant value during night. 
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107. Analytic studies in respiration of apples in low con- 

centrations of. oxygen. 

li. A. Eafique, Aligarh. 

It is proved by the analysis of the GOa-production of apples in. 
moderately low oxygen concentrations into its anaerobic component — ^NE. 
— and its aerobic component — OK — that on alteration of the oxygen con- 
tent in the environment, the OE component falls steeply while the NE 
exhibits an initial hump which is immediately followed by a slope. It 
becomes evident from a consideration of the behaviour of the two com- 
ponents that the oxidative mechanism adapts itself to the altered supply 
of oxygen much more rapidly than the mechanism which is responsible 
for activation of the pre-glycolytic phase, in consequence of which a major 
portion of the products of glycolysis goes to NE. It is further shown 
how Glycolysis, NE, OE and its concomitant OA (oxidative anabolism)- 
can be evaluated separately. 

108. Water requirements of winter crops. 

Muearilal, Lahore. 

Water requirements of wheat, gram, oat and pea were found by the 
method described by Maximov. These were 952,1406, 774,1230 respectively 
in unmanured plants. 

Effect of manure and soil moisture was studied. The addition of 
manure in grams decreased the transpiration ratio from 1406 to 1215. A 
low percentage (17 per cent.) of soil moisture in oats gave a low transpira- 
tion ratio (424) as compared to 774 with 23 per cent, soil moisture. 

109. Bathymetrical survey of the Dal Lake of Kashmir 

with special reference to the penetration of actinic 
rays to different depths of water and their effect on 
the incidence of vegetation. 

S. K. Mukerji, Lucknow. 

A survey of the Dal Lake was made to find out its depth in different 
parts. Numerous charts were prepared showing depth and vegetation. 
During summer (June and July), the deepest parts of the Dal seldom 
exceed twenty feet, while those of Lake Manasbal 45-fiO ft. 

The measurement of light intensity (active rays) was made at different 
depths of the Dal during the growing season, i.e., summer of 1929. Eor 
tliis purpose, the author constructed a special apparatus which is a kind of 
photometer. The potassium iodide method was not employed deliberately, 
owing to its many inherent and serious defects as pointed out by Pearshall. 

The percentage of illumination at different depths varies according to 
degree of sedimentation and density of vegetation. In clear and still 
water, the light intensity measured 33*3 per cenl. at a depth of one 
foot, 15*2 per cent, at 2 feet, 8*9 per cent, at 3 feet and 1-2 per cent, 
at 15 feet. In Manasbal Lake, however, light intensity measured 8*2’ 
per cent, at a depth of 16 feet, 38*2 per cent, at 6 feet, and 75 per cent^ 
at a depth of one foot. The vegetation in the Dal Lake is found up to 
a depth of 17 feet whereas in the Manasbal Lake, of which the water is- 
- six to eight times clearer than in Dal (judged from the percentage of light 
penetrating different depths) the vegetation extends further down to a depth 
about 25 feet. By vegetation the author means macroscopic vegetation 
atisid^not microscopic. The plants that can grow to such great depths are- 
Chard^ _^fragiUSt Nitella acuminata , N. dispersa, N. hyaJina, NiteJlopsis 
ohtusUi '^eratopliyllum demersum, Potamageton crispus, P. pectinatus, 
p, Ittcens, Myriophyllum verticillatum. These plants appear to 

possess greau. p^^p^rers of tolerating very low intensities of light, although 
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they are fully capable of growing in very bright light. There are other 
plants such as Nympliaea alha, Nelumhium speciosnm, Euryah ferox, 
Potaiiiogefon indicus and other members of the floating leaf association 
which demand higher percentage of illumination at the time of the 
commencement of vegetative activity after winter lull. 

The vegetation is practically non-existent or scanty in those parts of 
the 3)al where plenty of sedimentation occurs. This is partly due tO' 
poor penetration of light. 

In the Eee(i-swamp zone of Carex, Phragmites and Typha, the pene- 
tration of light is much poorer, owing to density of both benthos and free- 
floating vegetation. 

110. On the genus Artemisia — its species, varieties anJ 

eoads as found in Kashmir. 

S. K. Mukerji, Lucknow. 

The author has made a special study of the genus Artemisia and 
has collected as many as eighteen species from various localities and dis- 
tant mountainous regions of Kashmir. When working at Kew Herba- 
rium, he identified the following species : — Artemisia salsoloides^ A. 
dracunculus, A. glauca, A. parviflora, A. scoparia, A. maritima. A.. 
hrevijoUay A. Tourenefortiana, A. amygdalina, A. Roxhurgiana, A. 
•cestita^ A. laciniata, A. Sihrorum^ A. Moarcroftiana, A. Falconeri, i.. 
absyntheum^ A. sieursiana, and A. vulgaris. 

An ecological and taxonomic study of Artemisia maritima was made 
in the Gurez Valley and the Nanga Parbat Begion of Kashmir in the- 
snmmer of 1929. It was found that most of the hill sides were densely- 
clothed with at least three varieties and ten habitat-forms of this spe- 
cies. Natural regeneration by seedlmgs takes place extensively. It 
appears that the seeds lie dormant only for a short time and they ger- 
minate during the same season. Purther development of seedlmgs is 
arrested owing to heavy fall of snow, under which seedlings in differ- 
ent stages of growth remain buried throughout the winter. 

The yield of santonine from this plant is found to vary with the- 
climatic conditions prevailing at the time of collection of the flower buds. 
A spell of dry period gives higher yield while collection made during 
wet weather shows a marked drop of santonine content. 

As a result of the author's work at Kew, he believes that the varieties 
of Artemisia maritima found extensively in Kashmir and the trans- 
Himalayan region (Deosai plains) are quite different in most habitats from 
those found in different parts of Eussia, from where the main bulk of the- 
'santonine of commerce is obtained. 

Sometimes other species of Artemisia, especially A. vulgaris and 
A. hrevifoUa, have been commonly mistaken for the true A. maritima. 

111. On the ecological investigation of twelve different 

kinds of seedlings belonging to ten families of flower- 
ing plants from the Lucknow flora, with a view to find 
the causes of excessive seedling mortality in nature- 

S. K. Mukerji, S. C. Yabma. and S. N. Asthana, Lucimow. 

An intensive study of seedlings of a dozen speeies of wild plants 
has been carried out for some time past, with a view to find the causes 
of excessive seedling mortality in nature, their soil requirements and 
other ecological characteristics. This paper briefly embodies the result 
so far obtained. 

A large number of seedlmgs of the plants mentioned below were 
collected from wild localities and studied both in the field and in the 
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laboratory. The plants selected were Bonnaya hracheata, Vandellia crus- 
tacea, Scoparia dulcis, Sida veronicifoUaj Blumea liieracha var. HamiU 
tonii, Eugenia jamholam, Phyllanthus Ntruri, Rungia parviflora var. 
pectinata, Amaranthus viriduSt TypJionhim trilohatum, Gommelina hen- 
galenis, and Portulaca quadrifida. 

Fresh weight, dry weight, ash content, rooting depth and average 
height of a number of bunches of a hundred seedlings each collected at 
random in nature were determined. At the same time soil samples were 
taken for analysis from the very localities from where seedlings were 
collected in order to find out the correlation of the principal soil factor 
with the growth and mortality of seedlings in nature. 

An interesting correlation has been found to exist between the 
ash content of the seedlings of Bonnaya hracheata and Vandellia Crusta- 
cea and the total carbonate content of the soil where they grow. Other 
factors being alike, the ash content of these seedlings was high (10-9 
per cent.) where the total carbonate content of the soil was low (-468 
per cent.) and Dice uersa. 

The hydrogen-ion-concentration of the expressed sap of all the twelve 
kinds of seedlings was examined and it was found that the sap was in 
majority of cases acidic — Eugenia jamholana giving most acidic reaction 
with pH 4-2. The sap of Stda ueronicifolia gave an alkaline reaction pH 
7-3. 

In competition between seedlings of different species, growing dense- 
ly together, soil factors, e.g., carbonate content, water content, organic 
content and hydrogen-ion-concentration, appear to exercise a decisive in- 
fluence. Some species prefer high carbonate content while others cannot 
tolerate an excess of carbonate. Thus, e.g., seedlings of Bonnaya, Van- 
dellia and Portulaca are able to oust those of Rungia and Sida from 
soils where carbonate content is high. In this way, dense masses of 
seedlings die down to the ground before attaining maturity because the 
balance of edaphic and climatic factors happen to be against them in 
the struggle for existence which is very keen at this stage in their life- 
history. 

112. A short note on the floating vegetation of the Loktak 
Lake, Manipur. 

K. Biswas, Calcutta. 

Loktak Lake is the centre of attraction to some of the naturalists 
and tourists for its harbouring interesting associations of flora and fauna 
and for its panoramic beauty. It presents indeed a charming spectacle 
with its rocky islands and masses of floating vegetation — surrounded as 
it is by taller hills and covered with fairly thick evergreen forests and 
grassy slopes. 

The general vegetation in the higher ranges of the Naga Hills 
through which the Loktak in Manipur is reached bears a remarkable 
similarity to the Sikkim Flora. 

The Loktak Lake is mostly covered with floating islands of vegeta- 
tion of which Polygonum orientale, Oryza sativa with Hydropyrum lati- 
foliurn, Geratopteris thalictroides and Trapa natans and T. hispinosa are 
the predominant, larger, and taller members. Invasion of Eichornia 
speciosa of late years in shallower and more open areas has reached to 
such an extent that they are replacing the indigenous species which 
generally form, by means of their runners, an impenetrable network of 
vegetation on the water harbouring in their interstices delicate plants 
such as Utricularia flexuosa. The submerged Hydrilla uerticellatat 
Ceretophyllum demursum are also abundant. Floating in between the 
network are observed Lemna trisulca^ Lemna paucicostata and Ricciocarpus 
natans reported only to occur in Dal Lake and Peshawar by Prof. 
Kashyap. The algal vegetation especially the Desmid flora is very rich. 
Details of the aquatic Flora have been discussed in the paper. 
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113. The hydrophytes of Dacca and some notes on their 
observation. 

H. K, Datta. Dacca. 

The hydrophytes of Dacca are not different from those of the other 
parts of Bengal. Peculiarities, noted in the case of some of them, 
have been recorded. Of these some are very conspicuous. Hygrophyla 
polyspenna grotvs both as a land-plant and "a water-plant. Individuals 
of a species of Ottelia have been found, which bear staminate flowers 
only. Aponogeton crispum is supposed to bear submerged leaves only; 
but plants of this species have been collected, which bear floating leaves 
as well. A list of the species arranged m families is given below. 

114. Xeromorphism of Pluchea lanceolata. 

X. M. Mukerjee, Agra. 

A feature which cannot possibly be noticed in herbarium specimens 
and consequently omitted in the Floras. Besides other xerophytic charac- 
ter the leaves of this plant permanently assume the ‘ Profile position ’ by 
twisting at the leafbase thus presenting only their edges to the incident 
ray and avoiding excessive heating effect of strong sunlight. 


MISCELLANEOUS. 

115. Notes on the teratology of certain Indian plants. XIY. 

T. C. N. Singh, Benares. 

The author describes abnormalities in the following species of vascular 
plants : — 

Marsilea quadrifoUa (from G-ohuan) ; The occurrence of one to six 
pinnae in a leaf. 

Vitis vinifera L. (from Simla) : Fasciation of the peduncle. 

Cucurbita moscliata Duchesne (from Cawnpore) : The germination of 
the seeds had already taken place in situ. Curiously enough the leaves of 
such seedlings (enclosed on all sides by the fruit wall) were green. 

Erigeron canadensis L. (quite wild in the Naini Tal Hills) : Fasciation 
of the stem and peduncle. 

Tagetes erecta (from Sarnath near Benares) : Peculiar fasciation of 
the stem, peduncle, capitula and the individual florets. 

116. Notes on the teratology of certain Indian plants. XV. 

B. N. SiNHA, Chapra. 

The author describes fasciation and certain peculiar outgrowths in 
fruits of the following three species belonging to the families Cucurbitaceae 
and Solanaceae : — 

(a) Cucumis Melo Linn. 

(b) Cucurbita moschata Ducb. 

(c) Capsicum annuum Linn. 

Actual specimens will be demonstrated. 

/ 

117. On the teratology of certain Angiosperms. 

X. L. Saksexa, Gwalior. 

I. Fasciation of two roots of Raphanus sativiis has been found. The 
radical leaves are situated in two groups on two reduced stems. 

II. 1. Double and triple leaves of Piper Betle with two or three 
tips have been described. 
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2. The compound leaves of Bryophyllum proliferum possess an ab- 
normal terminal lobe which enlarges towards one side and occupies the 
position of one of the leaflets m the immediately next pair. Thus the 
number of leaflets becomes two or four instead of three or five respectively. 

3. (a) Faseiation in the leaflets of a trifoliate compound leaf of 
AegJe mar melon has been recorded. 

(b) The terifoliate compound leaf of the above plant becomes 
tetrafoliate by the addition of a fourth leaflet. 

4. The compound leaves of Melia Azadirachta indica have developed 
.a .huge lobe at the base of each leaflet in the basal pairs and suggest 
the formation of a bipinnate leaf by taking a further step which may 
probably result in the complete incision of the leaflets. 

III. From syncarpous opistil, abnormal growths occur in the fruits 
•of : — 

(1) Hibiscus esculentus, and 

(2) Carica Papaya. 

118. A short cut to nectary in Cesirum fasciculatum, 

B. N. SiNHA, Chapra. 

An interesting case of short cut to nectary was observed by the author 
while on a trip to Naini Tal. An insect was noticed cutting irregular 
■(mostly circular) holes at different levels on the corolla-tube of Oestrum 
fasciculattm. In this species the corolla-tube at maturity is nearly half-way 
full of some sweet fluid secreted by the nectary gland situated at the base 
of the ovary. When cut the juice oozes out of the holes and is heartily 
-sucked by the insect. 

119. On the occurrence of Gusciita on ferns. 

T. 0. N. Singh, Benares. 

Quite a large number of representative ferns growing in nature in 
the Naini Tal Hills have been experimented upon to see the behaviour 
of Cuscuia on them. It was rather interesting to note that Athyrium sele- 
nopteris Kunze was the only species to be attacked by the parasite. At 
the point of contact, the haustoria were formed, which as usual pierced 
through the tissue of the host. But all the same the attack was not of such 
a severe nature as it was observed on the neighbouring grasses and other 
flowering plants. 

120. Morphology and anatomy of the root-nodules of a 

few leguminous plants of Lahore. 

E. C. Sawhney, Lahore. 

of about twenty leguminous species of Lahore were collected. 
They vary greatly in size, colour and shape not only for different species, 
but even for the same plant. Nodules of five species, viz., MelUlotus indica^ 
dentictiZafc, Trigonella faenmn-graecmn^ Lathyrus aphaca and 
Albizzia lehhek were studied in detail. 

^ Melilotus indica and Medicago denticulata when grown in agar con- 
taining nitrogen free culture solution form nodules of any appreciable size 
after three weeks of the opening of the first true leaves. Hence, in these 
two species at^ least the appearance of the first nodules does not coincide 
opening of the first true leaf as was observed by Thornton for 
Medicago sativa grown in nitrogen free sand culture. 

The anatomy of the nodules of the five species is very similar. Parti- 
cmarly alike is the central bacteroidal tissue. The cells in this region in 
‘Contrast with the surrounding uninfected parenchyma are swollen and each 



{43) Abstracts. 333 

has a large central vacuole surrounded by protoplasm containing bacteria. 
Nuclei, where they have not yet been degenerated, are larger than those 
of the surrounding uninfected cells. Vascular bundles for the nodule arise 
from the proximal poles of the root-stele and run along its length in the 
uninfected outer parenchyma in a more or less sinuous course. 

The organisms which by their infection induce the host plant to so 
similar growth response need" not be separated into different groups. 

121. Occurrence of peculiar bodies in the rhizomes and 

petioles of certain Indian ferns. 

T. C. N. SiXGH, Benares. 

A number of boat-shaped diatom-like bodies have been observed in the 
ground tissue of the rhizomes of Pteris quadriaiirita Betz., Lastrea fuscipes 
and the petiole of Pteris pellucida. Each of them has a centrally situated 
nucleus which is stained red with safranin. The cells of the ground tissue 
are stuffed with bodies like these. 

A short discussion is devoted to the probable role of these organisms 
in the life-history of the plants investigated. 

122, The commercial plantation and exploitation of Indian 

medicinal plants and the need for the compilation of 
an Indian Pharmacopoeia. 

S. K. Mukerji, Lucknow. 

It is well known that a very large percentage of people in India living 
both in rural areas and in towns have to take recourse to the indigenous 
systems of medicine, knowing very well that the Hakeems and Vaids of 
the present day lack that intensive and methodical training in the methods 
of treatment which has been evolved as a result of scientmc investigations 
and researches in the domain of Western medical science. The poverty- 
stricken classes of the rural and urban populace are too poor to buy the 
scientifically prepared but costly drugs of the West. It is, therefore, of the 
utmost importance that pure reliable and cheap pharmaceutical prepara- 
tions made from indigenous medicinal plants should be placed on the 
market on a large scale for the benefit of the masses. For this purpose 
an extensive survey of the Indian drug flora should be undertaken at an 
early date and large number of regional maps should be prepared showing 
the distribution of medicinal plants m wild localities in different parts of 
India. Such regional surveys carried out by expert botanists will result in 
the compilation of an up-to-date drug flora of India. 

A crying need of the times is the establishment of experimental drug 
farms in smtable centres. Plantations of medicinal herbs should receive 
unstinted support from the government and the public alike, for these 
farms will ensure a constant supply of medicinal herbs not only to Vaids 
and Hakeems but also to various research workers in the field of Pharma- 
cology. In this connection, the author cannot over emphasize the fact that 
many more workers in Pharmacology should interest themselves m the 
investigation of the pharmacological properties of the Indian medicinal 
plants than are doing at present, so that their investigations may, in the 
near future, lead to the compilation of an Indian Pharmacopoeia. There 
is also a great need for regulating co-ordinated research work along 
definite pre-arranged lines by a committee of experts consisting of botanists, 
chemists, physiologists and pharmacologists. 

The vernacular nomenclature of Indian medicinal plants is in a hope- 
less mess. Early steps should be taken to standardize nomenclature, and 
the aim should be to assign one definite name to each species of medicinal 
plant, by which it will be known thioughout the length and breadth of 
India. 

The author's object in submitting this paper is to stimulate interest 
in this branch of botanical science. 
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123. On the ‘ Eoot-tliorn ’ of Bridelia pubescens, Kurz. 

P. Parija and P. Misra, Cuttack. 

Aerial roots were noticed in August and September, 1930, on the 
mam stem and some of the branches, growing at right angles to their 
axes. On some of the old roots which had changed into thorns, aerial 
branch roots were noticed. 

The rate of growth was found to be nearly the same every day (-05 
to *1 mm.) till the cessation of growth. 

Such a root, growing a few inches above the soil, was covered with 
earth, the root turned white, the rate of growth went on increasing daily 
and last of all it went down into the soil. 

One of these roots was covered in a moist dark chamber, the rate 
of growth in it was slightly greater than in a normal root, till ulti- 
mately the growth ceased. 

By November all the roots had changed into thorns, the apical point 
having become sclerotic; but the bark still remained green. The root- 
thorns ranged from 3 cm. to 6 cm. only in length. 

Longitudinal section of the apex of a young root was examined. 
It had a root cap, calyptrogen extending back into^a many-layered epi- 
dermal tissue, periblem and plerome. 

Transverse section of a young as well as of an adult root was ex- 
amined. Many-layered epidermal tissue with an internal limiting layer 
was found. Other portions were similar to that of an ordinary dicotyledo- 
nous root, excepting that the stele was polyarch. Secondary growth 
took place as in other dicotyledonous roots in the stele; but phellogen 
formed in the outermost layer of the cortex just below the dermal limit- 
ing layer, so that the green primary cortex persisted even in the thorn 
in the older region below the thin bark. Most of the cells of the cortex, 
all the cells of the endodermis and some cells of the secondary phloem 
were full of tannin. 

124. On Tylenclius sp. forming leaf-galls on Andropogon 

pertusus Willd. 

S. V. Vankatarayan, Bangalore. 

G-alls on the leaves of Andropogon pertustiSf a common pasture grass, 
were noticed in Bangalore, Chikmagalur, Coimbatore, and Palghat m S. 
India. Besides the leaf -blades they were found to occur on leaf -sheaths, 
the culms and the axis of the inflorescence. The galls are purple m 
colour, involving the whole thickness of the leaf, but more prominent on 
the under- surface than on the upper. They are globular or oval varying 
from 0*5 to 1 mm. in diameter. Affected leaves are curiously distorted 
and sometimes they roll so tightly as to hold firmly the tip of the younger 
leaves. 

The galls contain a number of eel worm eggs, larvoe and adults. The 
tissues of the gall include four or more veins and the tissues between them, 
with -a ring of sclerenchyma surrounding the chamber. 

The nematodes belong to the genus Tylenchus, but the exact species 
has not been determined. There is no mention in literature of any 
Tylenchus on any grass in India. 

125. Life-histoiy of Gleichenia Dichotoma. Part I. 

M. A. Sampathkuharan and A. E. Gopalaiyengar, Bangalore. 

This preliminary paper deals with the development of the sexual 
organs, Syngamy and the segmental cleavages of the young embryo. 

The development of the Antheridium conforms to that of the Osmun- 
daceae. The first division results in a basal cell, the next one being the 
funnel wall. The central cell divides a number of times producing the 
spermatogenous tissue from which numerous sperms develop. The origin 
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of the blepharoplast normally supervenes at the third mitosis of the 
spermatocytes. The fate of the blepharoplast from its appearance as a 
small globular structure, through the rhomboidal shape to the ultimate 
cilia producing body of the sperm has been traced and it offers striking 
similarities with that found in Nephrodium. 

The Archegonia arise at the sides of the growing point profusely, 
several of them being shifted to the flanks of the midrib. The develop- 
ment of the Ai-chegonium is like that of the other Leptosporangiate 
ferns. Prior to the separation of the primary neck canal cell, the central 
cell becomes elongated. The outer cell dividing by transverse walls gives 
rise to four primary neck cells which ultimately produce four long necks 
having about eight to ten cells in each row. The ventral canal cell is 
differentiated from the egg cell and the neck canal nuclei divide into 
two. A distinct wall appears between the two nuclei thus suggesting 
a condition found in the Marattiaceae. There are glandular hairs found 
close to the Archegonia. 

At the time of Fertilisation the ventral canal cell degenerates and 
the cell partition separating the two neck canal nuclei also disorganises. 
The egg remains at the bottom of the archegonial cavity, its nucleus 
exhibiting the characteristic resting state. 

The perm after effecting entry through the neck enters the egg 
and fuses with it. Disintegration of the sperm commences after fusion 
is complete and the sperm loosens itself into the complex reticulate 
structure during Syngamy, which later becomes gradually homogeneous. 
A wall is soon formed around the zygote and the zygote remains in this 
condition for some time without* undergomg any segmentation. 

The segmentation of the Embryo takes place m this state and the 
first mitosis supervenes followed by a vertical wall as in the Polypodiaceae. 
The quadrant wall is at right angles to the basal wall. The epibasal 
quadrant gives rise to the stem and leaf and the hypobasal to the root 
and the foot. The procambial strands take their origin as scalariform 
tracheids at a region a little removed behind the stem apex and above 
the foot, and leading towards the root. 

A discussion of the phyletic progressions and the affinities of the 
Gleicheniaceae is included in the paper. 

126. Meiotic cytokinesis in Michelia champa'ka. 

M. A. Sampathkumakan aijd A. E. Gopalaiyexgae, Bangalore. 

It is increasingly becoming recognised that cell partition is effected 
by furrowing processes in many of the higher flowering plants. The 
development of Michelia champaka offers an interesting case in which 
meiotic cytokinesis is effected by means of cleavage furrows. 

For obvious reasons, the development has been observed from the 
late Diakinesis. During diakinesis the number of gemini were 19. The 
number of bivalents at the metaphasic plate are distinctly nineteen. Hence 
this represents the haploid chromosane complement. The bivalents begin 
to separate along then: line of contact and migrate to the poles of the 
spindle. The spindle itself takes its origin within a definite pen-nuclear 
mantle, the mantle appearing close to the region of the now defaced 
nuclear membrane. The chromosomes after reaching the poles in the 
usual fashion become completely reconstructed. By the time the daughter 
nuclei are organised and the spindle fibres resorbed, a cleavage furrow 
begins to make its appearance in the plasma membrane at the opposite 
sides of the equator of the microsporocyte. The furrow does not effect 
a bipartition, but after advancing centripetally towards a short distance 
remains inhibited until after the completion of the second division. 

After interkinesis the nuclear membranes of each daughter nucleus 
disappear and the univalent chromosomes become oriented on the hqmo- 
typic spindles which may be either parallel (quadrate) to, or at right 
angles (decussate) to each other. The chromosomes pass to the poles 
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and during the Ana and telophases the 19 chromosomes can be counted. 
The chromosomes after reaching the poles, soon develop a nuclear mem- 
brane and secondary furrows appear as sharp incisions across the equator 
of the homotypic spindle. The cell wall deposition takes place as a 
jelly lilie mass as the furrows are beginning to be formed. It is at this 
‘ teranucleate stage ’ that the arrested primary heterotypic furrow advances 
inwards effecting a separation of the mother cell. The secondary furrows 
subdivide the four microspores. 

The nuclear membrane seems to exercise a great influence during 
the furrowing as the resumption of the homotypic furrows only supervenes 
after the nuclear membranes of the daughter nuclei of the second division 
are completely organised. 

A discussion of the theoretical considerations is also included. 

127. Physiology of the tendrils of Cucurbitacese. 

E. H. Dastue and M. B. Bilei^ioria, Bombay. 

The rates of respiration of the straight, stimulated and curled ten- 
drils are measured. No increased output of CO 2 is obtained when the 
tendril curls after stimulation. Similarly no increase in the internal 
temperature of the tendrils is noted. 

128, The effect of polarised light on the formation of 

carbohydrates in leaves. 

E. H. Dastur and E. D. Asana, Bombay. 

An apparatus is devised to study the rate of photosynthesis in polarised 
light and in the normal light. Plane polarised sunlight and plane 
polarised artificial light are used. The rate of photosynthesis is determined 
by determining the different carbohydrates formed. No increased forma- 
tion of carbohydrates is observed in polarised light. 
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I. Introduction. 

1. Geological surve^’ing has a fairly extensive literature, 
as may be judged by the bibliogi^aphy in one of the most recent 
volumes dealing with the subject — Greenly and Williams 
‘Methods in Geological Surveying’, but many of the books 
thereon are concerned almost entirely with a few specialized 
methods of work applicable to the types of country and struc- 
ture familiar to their authors. American literature on geo- 
logical mapping devotes a large amount of space to petroleum 
work, especially to the determination of structural details in 
areas of almost horizontal beds. Books such as those of 
Hager, Lahee, and Cox, Bake and Muilenberg make special 
reference to mapping based on the tracing of key beds by 
plane-tabling. Amongst British authors, Cunningham Craig 
and Lister James, both with experience in Burma, have 
described methods of work in which the compass and map- 
case are employed; mapping in moderately or sharply folded 
areas is accorded much more consideration than it is by the 
American authors. Cunningham Craig describes methods used 
in moderately open country, but does not discuss in any detail 
the procedure to be adopted in areas covered with dense 
jungle. Although Lister James refers to a very specialized 
method of work found useful in certain types of jungle country 
he does not deal fully with ordinary ma|)ping in such areas. 
Greenly and Williams deal mainly with large-scale mapping- 
in moderately open country of which topographical maps 
already exist but their book is of great value to all interested 
in geological survey work. Geological mapping in thickly 
wooded areas does not seem to have been discussed in any 
detail and as I have, for a number of seasons, been engaged 
in field work in the jungle-clad hills of Assam, it seemed not 
out of place to endeavour to summarize the methods which 
have proved useful in geological surveying in jungle country. 

2. The methods adopted during the geological survey of 
any new territory must be influenced by the topograj)hy, 
whether desert or jungle, hill or plain, by the tectonics and 
stratigraphy, and by the objects of the survey. This address 
is limited to a consideration of the methods ai)plicable to 
densely forested country of moderate or high relief where the 
rocks have been subjected to fairly strong earth movements. 
Although the survey of Assam with which I have been con- 
nected has had as its object the study of the petroleum re- 
sources of north-east India, the mapping has been directed 
towards the elucidation of the structure and stratigraphy of 
almost the whole of the sedimentary rocks of the province, 
so as to provide an adequate geological foundation for specific 
recommendations concerning the testing and economic deve- 
lopment of the oil resources of this part of the country. 
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To this extent, therefore, the methods of mapping to be dis- 
cussed are not specially restricted to work to which the term 
* prospecting ’ is usually applied. 

II. Types of Mapping. 

8. The geological mapping of a large territory may be 
divided into three sections: — 

(a) the preliminary reconnaissance, 

(b) extensive small-scale mapping, 

(c) detailed mapping of selected areas. 

4. The preliminary reconnaissance will give some indi- 
cation of the nature of the difficulties to be encountered, and 
of the types of structure, and range of strata to be dealt with. 
Opportunity will naturally be taken to link up with areas 
previously visited by geologists either within the territory or 
nearby. 

5. The extensive systematic mapping of large areas on 
a scale of, say, one inch to a mile should logically follow the 
reconnaissance but in economic work it is often necessary 
to proceed at once to the detailed examination of selected 
areas. The systematic mapping wiU reveal the general 
structure and stratigraphy of the area and give some indica- 
tion of the probable mineral wealth. 

6. The detailed mapping will usually be restricted to 
areas of iDOSsible economic importance or in which important 
structural or stratigraphical problems have to be investigated. 
The scale chosen will be determined by the nature of the 
country and by the objects of the work, and may be, for 
example, 4, 6, 8, 16 or more inches to a mile. As an example, 
in the case of Assam, as a result of the reconnaissance, a 
quarter-inch map was produced; systematic mapping has been 
on the one-inch scale and detailed mapping mostly on the 
eight-inch scale, the sixteen-inch scale being used in special 
circumstances. 

7. The three types of survey naturally merge into each 
other; traverses during prelinoinary reconnaissance will be 
incorporated in the subsequent systematic mapping, and dur- 
ing the course of this mapping certain small areas may be 
worked over in a ' semi-detailed ’ manner, lacking the rigor- 
ous nature of a detailed survey but including more details than 
can be shown on a one-inch map. 

8. Although the reconnaissance and small-scale survey 
work in a country such as Assam involve modifications of the 
procedure applicable to more open ground, it is in detailed 
mapping that methods depart furthest from those described 
in the text-books on geological surveying, and these form the 
main subject of these notes. 
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III. Methods of Detailed Mapping. 

A. General Nature of the Difficulties. 

9. The schemes of mapping to be described have been 
evolved as a result of the search for oilfields in Assam. In 
1915 the Burmah Oil Company’s geologists, after extensive 
reconnaissance work, began the investigation of those areas 
which appeared likely to have some economic possibilities. 
It soon became apparent that the methods used for detailed 
mapping in Burma would not be successful in Assam. There 
gradually grew up a technique suited to the thick jungle, and 
with various modifications to fit local conditions, the methods 
to be described have been found satisfactory in mapping a 
number of areas on scales ranging from 4 to 16 inches to a 
mile. 

10. The work involved in making a geological map can 
be divided into two parts, not very distinct if the area be 
open country, but more clearly separate in the jungle country 
which is typical of Assam — (a) constructing the topographi- 
cal basis, (6) recording the geology. It rarely happens that 
the existing maps of an area are a sufficient ground-work for 
the geological map. Cadastral maps of hill and jungle areas 
are seldom to be had; if available they lack detail and 
furthermore are not very accurate. The half -inch and one- 
inch maps are very inaccurate in detail. Usually the geolo- 
gist has to make up his own map, starting on a blank sheet 
of paper, and it is with this type of work that these remarks 
are concerned. 

11. Before passing to a description of the methods used, 
first to produce a skeleton toi^ographical map and then to 
add the geological body, it is desirable to describe briefly the 
kind of country in which the work is to be done, as methods 
applicable to one type of country are likely to be quite unsuit- 
able elsewhere. 

12. The area to be mapped may have fairly high relief — 
the topography of most of Assam is immature and the hills, 
whether high or low, are steep; the hill-streams alternate 
between series of waterfalls and rapids and alluvial stretches 
in which the stream is aggrading its course. The hills en- 
countered in detailed mapping are seldom more than 500 or 
1,000 feet in height but slopes of 1 in 3 are common. In 
many areas there are large alluvial tracts from which the 
hills rise abruptly. Exposures are almost entirely restricted 
to the beds of lesser streams. Many of the large rivers run 
for miles in alluvial plains devoid of exposures, and although 
some of these rivers give good evidence in their upper 
reaches, it is the smaller streams that provide the geologist 
with most information. Flowing down the hillsides, often 
with very steep gradients, many of these nalas give excel- 
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lent exposures although others are choked with boulders. The 
hillsides are thickly covered with soil and it is only rarely that 
the underlying rock is seen protruding through the soil cap. 
In some areas a little rock debris can be seen to indicate what 
is below, but in most places very little help can be had in 
this way. 

13. One of the great obstacles is the jungle. In places 
there is tree jungle with moderately thin undergrowth, in a 
few other areas there is tall grass which may or may not be 
a great obstacle, but these are exceptions and in most of the 
Assam jungles the vegetation — ^whether bamboo, thorny cane, 
ageratum, * san ’ grass, or a more varied assemblage — ^is so 
thick that it is impossible to see more than a few yards ahead, 
and in the worst cases visibility is reduced to a foot or two. 
Through this thick forest progress is very slow, one’s rate 
must be measured not in miles per hour but in hours per 
mile and it generally pays to keep to ridges (which are some- 
times elephant tracks) or to the streams. Where villages 
exist, the village paths may be a help in getting from camp 
to the site of one’s work but are too few and far between to 
be of much assistance during the actual mapping. 

14. The thick jungle makes it difficult to get a bird’s- 
eye view of the area that is being mapped, and al- 
though occasional glimpses may be caught from chance 
clearings or from the top of a steep slope or obtained by 
climbing a tree, it is not unusual for a map to be completed 
without the geologist ever seeing the area as a whole. 

B. Methods of Preparing the Topographical Map. 

15. Having thus briefly reviewed the nature of the country 
and some of the difficulties associated with work in jungle- 
covered tracts, it is now possible to discuss the various 
methods used to prepare the necessary topographical map. 
Although the reconnaissance or systematic small-scale map- 
ping preceding the detailed work will have given some indi- 
cation of the structure of the area selected for detailed map- 
ping, it may be expected that, unless the geologist was him- 
self concerned in the preliminary examination, he will wish 
first of all to spend some time in examining a number of 
sections within and near his area. This work of familiarizing 
himself with the problems before him can most conveniently 
go on during the early stages of preparation of the topographi- 
cal map, provided that the more mechanical parts^ of the topo- 
graphical survey work are being done by assistants, a method 
which has been found very convenient for detailed mapping 
in country such as Assam. 

16. Framework . — ^The choice of methods of making 
the topographical map must depend on the type of country. 
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In any case the finished map should show the main water- 
sheds, all the important and some of the unimportant streams 
and such j)aths as there may be, also, in some cases, limits 
of cultivation, sites of hamlets, and so on. This topographi- 
cal map cannot, of course, be built up haphazard but must 
have some scheme of framework or control to insure against 
large errors. For surveying the details of the map — streams, 
paths, ridges — there is little choice; any convenient type of 
compass used in conjunction with either a tape or chain is 
so much superior to any other method that detailed discus- 
sion is not required. Although there is very little room for 
choice of method of surveying the streams, ridges, etc., quite 
a number of methods are available for the * control ’ and at a 
very early stage in the work the geologist must decide what 
type of framework will be used for his map. There are avail- 
able the following schemes: — 


1, Triangulation by: — 

(a) plane-table, 

(b) theodolite, 

(c) compass. 


2. Traversing by: — 

(a) theodolite, 

(b) compass. 


(1) Triangulation. 

17. A triangulation method is simplest and most accurate 
where it can be employed. It is not likely to be successful 
unless the relief is high or there are a number of strips of 
open (cultivated) ground. 

18. In a favourable ease it may be possible to find a suit- 
able base line in a cultivated alluvial stretch along the out- 
crop of a soft bed or along a denuded anticlinal crest, or 
perhaps in the bed of a large river. If so, a base line run- 
ning through a large part of the area is set out by theodolite 
or plane-table — the line preferably not being straight, but 
composed of a few sections on different bearings. In two 
instances in Assam it was possible to use minor trigonometri- 
cal stations of the Survey of India as the ends of a base line. 
A ridge traverse made carefully by tape and compass may be 
a suitable substitute. From the ends of the line, and from a 
number of points along it, sights are taken on to neighbour- 
ing hills- Unfortunately in jungle country it is nearly always 
necessary to *fiag’ the points to be sighted on — otherwise it 
is impossible to recognise individual trees from a great dis- 
tance and from very different angles or to identify them on 
the ground. The theodolite, plane-table or compass can be 
used for this work but the latter is not very accurate unless 
the sights are short and there are a fair number of check 
intersections — ^neither condition being likely in jungle country. 

19. Provided the coimtry permits the setting out of a 
base line, the primary enlargement is usually a fairly simple 
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matter but the extension to include- points further afield is 
much more difficult. If the hiUs tend to be flat-topped it is 
hopeless to attempt to triangulate from them — even platforms 
erected in the trees sighted on may give a poor view, but if 
the hills tend to be conical, it may be possible to set up a 
plane-table or theodolite station without a prohibitive amount 
of jungle cutting. From these stations the triangulated 
framework is extended further away from the main base line. 

20. This method is restricted to areas of bold relief, with 
a fairly simple system of drainage (e.g., a number of strike 
ridges) and without a great deal of tree jungle. Compara- 
tively isolated trees in bamboo or other low jungle provide 
suitable points both for sighting to and observing from. The 
obvious drawbacks to any method of triangulation are the 
amount of jungle cutting likely to be required, the difficulty 
of choosing suitable points for flagging and the limited number 
of fixed points produced by the work. The advantages are 
accuracy and the absence of long computations. 

(2) Traversing — Theodolite. 

21. The alternative is to build up a framework or con- 
trol by means of traverses. The most accurate traverses are, of 
course, theodolite ones but adequately checked theodolite work 
is slow in hilly jungle country, the amount of jungle cutting re- 
quired is very great, sights are likely to be shorter than is de- 
sirable, often dropping below 150 feet, sometimes below 50 
feet, and the computations are somewhat laborious, and need 
careful checking. Provided great care is taken to avoid errors 
(and experience shows how easy it is for small errors of 
observation to mount up to an unduly hirge total) the method 
gives a large number of accurately fixed points. For prefer- 
ence, the traverse is laid out in approximately square blocks, 
these being joined together in one or more rows to form a 
rectangle extending throughout the area. This work can be 
done by men of the ordinary surveyor grade, drawing from 
Es. 60 to Es. 120 per month. When the geological survey 
is concerned with economic problems such as exploring the 
extension of a proved mineral field or the examination of an 
area which includes boundary lines separating land held or 
claimed by different interests, or wffiere the boundaries of a 
concession are to be determined, a theodolite traverse frame- 
work is well worth having, but in the ordinary detailed ex- 
amination of ‘prospecting areas’ in heavy jungle the extra 
cost of theodolite work is not usually justifiable. In detailed 
mapping having a purely scientific objective, the theodolite 
is not likely to be helpful in country such as that under con- 
sideration. 
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(3) Traversing — Prismatic Compass, 

22. The most generally useful method of producing the 
topographical basis of the map is to build it up by a series 
of closed traverses made by prismatic compass, and it is pro- 
posed to explain this method in some detail. A great ad- 
vantage is that a ‘framework’ is obtained by employing 
almost the same methods as are used for the traverses of the 
streams and paths. 

23. Perso7inel . — Another great advantage of the me-' 
thod is that elaborately trained surveyors are not needed, 
the whole of the work being carried out by men drawing Es. 30 



to Es. 40 per month plus a small jungle allowance. No 
knowledge of English is required but these men must know 
the English alphabet and for preference be able to write their 
vernacular in English characters. Each ‘traverser’ needs 
from 2 to 5 men to cut the jungle— -the number depending on 
the type of country and the nature of the labour. 

24. Equipment . — ^All that is needed in the field is a 
good prismatic compass (three to four inches diameter gra- 
duated in half degrees), a sturdy wooden stand for it, a 
‘metallic’ tape and a hand level (either Abney or some 
simpler form). For office work the traverser is provided 
with specially designed plotting sheets. Where more than 
one traverser is employed, the compasses should be compared, 
as individual compasses may differ by a degree or more. 




FIGURE 2. 


Part of Geological Map 
to illustrate 

CIRCULAR FRAMEWORK 
WITH RADIAL TIES. 

(Many minor streams and most 
of the mapped boundaries omitted) 



-K— )C— X— 





346 


Section VI, Geology. 


( 10 ) 




( 11 ) 


Fresidential Address, 


347 


25. Afraiige^yient of Survey. — ^If a one-incli map is avail- 
able this may form a guide to the general disposition of the 
main streams and watersheds. In the i^reliminary reconnais- 
sance a certain amount of similar information will have been 
gained. This may be supplemented by a few additional tra- 
verses undertaken before the main scheme of the map is 
decided on. As soon as enough is known of the general * lie 
of the land', the area, or at least the central part of it, is 
divided up into a number of blocks or circuits which may 
conveniently be very roughly squares with a side of from half 
a mile to a mile in length according to the scale on which the 
work is being carried out. In the case of the mapping of an 
anticline with a view to estimating the pros]3eets of oil, a 
line of such mile or half-mile blocks forming a rectangle run- 
ning along the crest may form a sufficient ‘ control ' ; alter- 
natively, two lines of rectangles may be convenient, having 
their common side somewhere near the crest (Figure 1). 

26. These blocks will not in practice approach very 
closely to actual squares; each side of a block or circuit will 
be a compass traverse and this wdll usually be run along a 
stream, watershed, or path, avoiding as far as possible any 
long * cross-country ' traverses. The scheme of lay-out of 
the circuits is of course decided on by the geologist and this 
offers considerable scope for the exercise of his capacity for 
visualising the general lie of the countryside from very meagre 
data. It is not necessary for him to attempt to plan out in 
detail more than one or two blocks at a time, providing he 
knows that these will w'ork into the general scheme. 

27. Another method which may be adopted is ta 
arrange the control traverses in the form of a wheel with 
three, four or five ‘ spokes ' (Figure 2). This may be very 
convenient when several large streams meet in a small alluvial 
flat. 

28. As soon as the first main circuit is decided on, the 
traversers are sent out to run a duplicate traverse in opposite 
directions. Each station is marked by a small lettered and 
numbered peg cut from the jungle by one of the coolies. 
Stations may perhaps be from 50 to 200 feet apart, according 
to the nature of the streams and ridges. The clockwise and 
anti-clockwise traverses are plotted separately and compared. 

29. At this point it is convenient to explain a method 
of plotting which has been found of considerable value. The 
traverses are not plotted directly on to the field map but on 
the special sheets already referred to, devised to permit 
accurate plotting by the comparatively unskilled traverser. 
These sheets are of thin semi-transparent paper measuring 
8 or 10 inches by 11 or 13 and having imprinted a circle (dia- 
meter five inches) graduated in degrees, the centre being 
marked by the intersection of the N.-S. and E.-W. lines 
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(Figure 8). The bearings are laid oj^ by placing a set-square on 
the circle and transferring the direction by set-squares to the 
successive points of the traverse. This method is slower 
than the one employing a rectangular protractor but is 
less liable to error. From the thin paper the points are subse- 
quently transferred to the map itself by pricking through with 
a fine needle. 

30. Comparison of the plotting sheets of the clockwise 
and anti-clockwise traverses enables important errors to be 
seen at once ; mistakes of 100 feet or 100 degrees in observing 
or plotting have been found to be the commonest. Where the 
discrepancy is in observing, the reading must be repeated. 
Small errors are not so speedily found, but comparison of 
field books is not a very long task. There are bound to be 
difierences arising from the limitations of the method, but 
after getting rid of the gross errors, each version of the circuit 
should close within, say, 25 to 50 feet according to the length 
of traverse and the type of country, the mean of the two 
traverses providing a ‘block* in which the error is small 
enough for most purposes. 

31. After resolving any discrepancies in the two tra- 
verses it is desirable for the geologist himself to plot a mean 
of the two on an enlarged scale, otherwise plotting errors may 
be more than the traversing errors. This is needed only for 
the main circuits, not for the subsequent work, and will prob- 
ably be done with a rectangular protractor. 

32. The next step is to draw out the actual map on 
which the geology will be shown. It has been found con- 
venient to use sheets measuring 18 or 20 inches by 24 or 28 
inches, made of tough paper with a medium surface capable 
of standing hard usage and ruled with one-inch squares. These 
sheets are subsequently cut into four for use in the map-case. 
Care must be taken in the arrangement of the map con- 
x'eniently on the paper so as to avoid small parts pro,] ec ting 
oS the edge of the sheet. 

33. The main traverse block (Figure 4) is first entered 
on the map, preferably reducing every tenth station from the 
large-scale plotting and pricking through the intervening points 
from one of the two plottings on the normal scale. It is an 
advantage to be able to deal with two adjacent blocks at the 
same time, as this allows a better distribution of errors, but 
this may not be feasible. All points on the field map are 
marked in ink (preferably red) and the number written along- 
side every fifth or tenth station, these stations being usually 
indicated by a more pronounced marking; it is convenient to 
distinguish in some way the main circuit points from the others. 

34. Whilst the geologist is attending to the setting out 
of the framework of the first block or the first few blocks of 
the map, the traversers will be making a start with the details. 
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Any streams traversed in the very first stages (which do not 
form part of the main circuits) may have to be joined to the 
framework by short closing traverses. All subsequent tra- 
verses of importance will start from a point already fixed and 
be ‘ closed ’ to another fixed point. (In practice ‘ closing ’ 
is made to two adjacent points to avoid errors in identifica- 
tion.) If there should be any minor traverses of small tribu- 
taries, they will be left imclosed. Unless the traversers are 
very good, both backsights and foresights should be taken. 

35. As soon as a reasonable amount of detail has been 
traversed and plotted, the streams, paths, ridges, etc., are 
pricked through on to the field map (Figure 5). Streams 
may be indicated by blue lines and paths and ridges in red. 
There should be plenty of checks against errors by the system 
of ‘ closing ’ and any large error will show up at once by failure 
to * close \ 

36. The * density ’ of detail traversed must depend 
greatly on the nature of the problems to be solved, and no 
general rule can be given. It is essential to arrange that the 
traverses are fairly evenly spaced and also that no big stream 
remains untraversed; a mistake that traversers are prone to 
make is to traverse a large number of very minor streams in 
one part of the area leaving other parts nearly blank. Where 
it is known beforehand that special attention has to be given 
to one portion of the area, extra traverses can be arranged for. 

37. The next stage is to enter on the map as much as 
possible of the geological information gained during the re- 
connaissance work carried out whilst the traversers were busy 
with the main framework, and as soon as this has been done, 
the large sheets are cut into smaller sheets to fit the map- 
case. A size of 9" x 12" is very convenient, four of these go 
to a large sheet, after discarding a small outer margin which 
is a convenience during the construction of the topographical 
map. The field sheets should fit together without overlap ; 
each should bear a number and carry an index to show" its 
relation to the rest of the map. It is usually best to arrange 
the sheets so that they are not * staggered ’ but have all divid- 
ing lines running N.-S. and E.-W. right through the map. 

C. Tracing of Boundaries. 

38. The geologist is* now’ ready to resume field work and 
begin the actual detailed mapping. His reconnaissance will 
have given him a general idea of the succession and structure 
unless the area is a very complex one, in w’hich case the 
earlier work may merely have shown where the difficulties 
wull require careful study. In most cases a few" strong 
beds will have been found which will provide the sub-groups 
that he will attempt to follow’ on the ground. 
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39. The first stage of the actual detailed mapping may 
perhaps be a continuance of the reconnaissance, consisting 
of working systematically over the largest streams in the 
area. All dip evidence and lithological notes are entered 
directly on the field map and the note book is used as little 
as possible. The geologist has with him a map-case, scale, 
pencils, clinometer-compass, tape, hammer, chisel, collecting- 
bags, lens and possibly aneroid. Methods of recording work 
vary with individual preferences, some preferring to use 
coloured pencils to indicate lithology and others relying on 
abbreviations such as s, c, 1, etc. 

(1) Choice of Suh-groups for Mapping. 

40. The examination of the main streams, whether in 
the reconnaissance or in the first stage of the detailed map- 
ping will usually give a very good indication of the succession 
and will have shown the geologist which beds or groups of 
beds are most suitable as markers. At this stage he will do 
well to commence from one end of the area and carry on the 
mapping of these selected beds. 

41. The sub-groups chosen for mapping should as far 
as possible be natural lithological divisions, but where there 
is a great thickness of rapidly alternating beds it is clearly 
impossible to attempt to inap each narrow band; in such 
instances one can usually find some groups of sufficiently pro- 
minent beds which can be followed, at least for some dis- 
tance, or alternatively one can choose well-marked thin bands 
of slightly difierent hardness or coarseness which can be traced 
for a fair way. No general rule can be given for the ideal 
thickness of sub-groups chosen for mapping; naturally, for 
the larger scales, smaller thicknesses are desirable, but the 
intricacies of the structure and the steepness of the dip must 
always be considered. The actual sub-groups chosen will of 
course be greatly influenced by the nature of the succession, 
and may depart considerably from the ideal. 

42. A few actual examples may jDerhaps be quoted; for 
mapping on the eight-inch or sixteen-inch scale I have usually 
found that boundary lines could conveniently be spaced at 
stratigraphical intervals of 200-500 feet; a smaller interval 
being desirable with gentle dips or where great detail was re- 
quired and a larger interval with steeper dips or where little 
detail was requhed, as, for example, well out on the flank of 
an anticline. On the other hand, in one area, a bed less than 
a foot thick proved a valuable sub-group for mapping and in 
other instances no persistent boundaries have been discover- 
able through several thousand feet of beds. In such areas, it 
may be necessary to fall back entirely on local bands which 
can be traced for a few hundred feet. These give valuable 



( 17 ) 


Presidential Address. 


353 


clues to the general trend of the strike lines but are a poor 
substitute for regularly mapped groups. 

43. In mapping one area on the sixteen-inch scale (Pigure 
6) the following spacing interval was used, being determined 
by the existence of well-marked natural boundaries :~900, 200, 



500, 250, 250, 100 feet, the 900 feet interval being down the 
flank of an anticline and 100 feet the stratigraphical distance 
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of the first boundary line above the lowest exposed horizon on 
the crest of the fold. 

44. In another anticlinal area (figure 7) mapped on 
the eight-inch scale, the corresponding thicknesses between the 
chosen boundaries were: — 600, 200, 400, 200, 600, 800, 500* 
feet. 

45. It may happen, when a comparatively thin group 
of beds forms a useful marker, that two boundary lines close 
together can be mapped with very little greater expenditure 
of time than would be needed to map either line, this is parti- 
cularly likely to be the case when, instead of natural sub- 
groups, it is necessary to choose, somewhat arbitrarily, certain 
bands of, for example, clay in a thick sandstone or thin sand- 
stones in a thick shale. 

46. Where lateral variation is very pronounced it may 
be necessary, at least in the early stages of the work, to 
record and trace the top and bottom of every band. As 
work proceeds the more persistent bands will be discovered 
and these alone followed. 

(2) Procedure during Ma'pping. 

4n. When the various boundary lines to be followed 
have been decided upon, the geologist must sketch out a plan 
of campaign. Much will depend on the relationship of topo- 
graphy to structure and the degree of difficulty in getting 
about in the area; where at all possible, he should aim at 
keeping the map compact and avoid having scattered patches 
of un visited ground. 

48. Choosing first the most clearly-marked boundary 
line, as for example the line between a thick hard sandstone 
and underlying clay or shale, he starts from a large stream 
and endeavours to walk along the outcrop, or as nearly along 
it as the jungle permits. It is most unlikely that he will 
find any actual exi^osures of the beds to define the boundary 
line but the sandstone scarp will probably be recognisable, 
although the precise position of the base ‘will be unknown. 
The geologist will keep track of his position on the map by 
some very rough method such as hand compass and pacing 
or even estimation of both direction and distance (Figure 
8). He may cross several small streams whose exposures will 
be compared with the original section and will serve as a check 
on the position of the boundary. After following up the bed 
for some distance, another traversed stream may be reached 
or there may be a path or cross-country traverse. The rough 
traverse is then * closed ’ to one of the numbered pegs and the 
necessary correction shown on the map. 

49. Some of the stronger beds will form watersheds, 
and if these have been traversed, sketching in the trend of the- 
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bed between small streams will be a simple matter if the 
feature is sufficiently pronounced (Figure 9). In other 
instances, a main stream may follow a soft bed for a long 
distance, a hard bed being almost tangential to the meanders 
(Figure 10); the geologist then goes up the main stream and 
examines each small tributary stream in turn, pacing or esti- 
mating distances, and so fixing his boundary line at very close 
intervals, and taking advantage of whatever features he may 
find to sketch in the trend of the boundary between the tribu- 
taries. Mapping is very greatly facilitated where a stream 
follows an actual boundary. In some instances strike streams 
have been found to follow a boundary within a few feet for 
distances of several hundred feet at a time (Figure 11). 

50. Throughout the mapping, the geologist must be con- 
stantly on the look-out for the trend of features ; he must 
think of the topography in terms of strike ridges, dip slopes, 
scarp faces and strike valleys even though he only rarely 
gets a clear view of the surrounding country. Unless the re- 
lief is very low, much assistance is gained by the constant 
use of an aneroid barometer. The aneroid heights must be 
recorded in a notebook and, after correction, entered on the 
map in a distinctive ink, blue being very convenient. The 
aneroid results may very well be supplemented by rough form- 
lines to show the main ridges ; these should make no pretence 
to great accuracy (Figure 12). 

51. A brief digression is perhaps desirable here as the 
text-books seldom explain the use of the aneroid. In tropical 
or sub-tropical countries there is generally a diurnal variation ; 
in Assam, during the cold season, this amounts to 100 or 150 
feet of indicated height (Figure 13). This can be fairly 
well allowed for by a second aneroid in camp, provided there 
is another observer available, and more roughly if there are 
enough readings to establish the usual nature of the variation. 
There is also a calibration error which varies from day to day. 
All errors can be allowed for if there are in the area a sufficient 
number of known spot-heights, either from previous surveys or 
specially determined by some method of levelling. Duplicated 
" out and home ' aneroid * traverses ' controlled by these primary 
spot-heights can by careful arrangement be made to give results 
almost free from errors of diurnal variation or calibration, so 
establishing a series of secondary spot-heights by which the 
aneroid is checked whenever opportunity occurs. Points such 
as important stream junctions likely to be revisited in the 
course of a day’s mapping provide convenient check points 
enabling the errors due to diurnal variation, change of calibra- 
tion or movement of zero owing to jars, to be very greatly 
reduced. 

52. The form-lines controlled by aneroid heights help to 
take the place of the panoramic view that may be so extremely 



358 


Section VI, Geology. 


( 22 ) 


useful in more open country and they are also a great aid to 
section drawing. There should not, as a rule, be any attempt 
to turn them into contours or even to try to complete them for 
the whole area ; they should in general be restricted to the 
delineation of the main ridges and spurs, and to any areas 
where extra precision is necessary. The aneroid heights also 
■will be mainly on ridges or in streams. 

58. If the relief is very low, there may be a network of 
small streams providing but poor exposures of the beds. If, 
too, the jungle is very thick, the geologist will be almost re- 
stricted to the streams and watersheds. Where exposures are 
poor, the hammer may be less useful than a hoe; a very 
careful look-out is kept for fragments of rock in the banks of 
the streams and by free use of the hoe or of some form of 
auger a boundary line can often be dug out. Great care must 
be taken in applying the evidence from a digging; debris of 
tough clay or shale, hard sandstone and limestone can travel 
a very considerable distance down-hill and it is easy to confuse 
travelled rock fragments and those derived from underlying 
beds. Even accumulations of sandstone boulders may not 
indicate the presence of a sandstone bed; they may be chance 
aggregations brought about by quite accidental blockage of 
streams. Small springs, mud-\vallows, marshy places, changes 
in vegetation, changes in the slope of a stream or in the breadth 
of its valley may all indicate some geological change and give 
a clue to the trend of a boundary line. These points are of 
course well known to the geologist working in more open coun- 
try but in thick forest their importance is greatly enhanced, 
and the geological surveyor should form the habit of trying 
to find an explanation for every natural feature. 

D. Poi7its of Special Difficiilty. 

54. Many of the usual difficulties associated with geologi- 
cal mapping are necessarily greatly accentuated by the impossi- 
bility of obtaining anything approaching a clear view of the 
country wiiich is being mapped. Eeference has already been 
made to the assistance which can be obtained from aneroid 
readings, form-lines and other means of indicating on the 
map the general relief of the country under examination. 
Whatever use is made of these aids, much must necessarily 
depend on the ability of the geologist to visualize the three- 
dimensional appearance not only of the country itself but also 
of the underlying rocks. No doubt much can be done by con- 
stant practice with, maps of various types but it is a definite 
advantage for the geologist engaged in mapping in jungle- 
covered country to have a well-developed power of visualizing 
the unseen topography and structure. 

55. Reference may be made to a few of the difficulties 
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which are more especially noticeable in working in the condi- 
tions under consideration. 

56. It is invariably very much easier to trace the feature 
formed by a hard bed when one is going up-hill out of a 
small stream than when going dowm-hill into a stream and it 
may even be necessary in doubtful cases to retrace one’s foot- 
steps back up the hillside to ascertain whether or not the bed 
has been coi’rectly followed. This difficulty is very slight when 
dips approximate very nearly to the vertical or horizontal but 
may cause much trouble with beds dipping at about 30 or 40 
degrees. 

57. Another difficulty in densely forested country is 
particularly noticeable when dealing with crestal portions of 
an anticline. The dip may be low' and may change both in 
amount and direction somewhat unexpectedly. Beds which 
have been mapped a short distance dowm the flank may re- 
appear as outliers on hill tops in the crestal area ; no streams 
expose these outliers and their identification may rest entirely 
on the presence of small fragments occurring on the tops of 
the hills, possibly revealed only by digging shallow holes. The 
difficulties associated with very low dips will be greatly accen- 
tuated, if, as in the ease of the Assam Tertiaries, there is much 
lateral variation. The rapid thickening and thinning of indivi- 
dual beds may lead to very erroneous results if the outcrop is 
sketched in in accordance with the contours and measured 
dips without checking its actual course in whatever w^ay may 
be possible. 

58. Another source of difficulty is the occurrence of dip- 
faults. Where the nature of the ground makes it difficult to 
trace beds from stream to stream, the succession in one hill- 
side stream may appear very different from the succession in 
an adjacent stream due entirely to the lateral variation of 
the rocks. The failm-e to find comparable successions in two 
adjacent streams may lead to the erroneous supposition that 
dip-faulting occurs. On the other hand, dip-faults may bring 
together beds of different ages but of much the same litho- 
logical characters so that the fault goes unrecognized. The 
chances of this happening will be considerably reduced if 
several sub-groups are mapped, particularly if these have differ- 
ing thicknesses. Whenever a dip-fault is suspected it is 
desirable to take steps to obtain as much additional evidence 
as possible along the supposed course of the fault ; for example, 
a traverser can be sent out to cut and survey a track roughly 
along this line, the geologist subsequently making a close 
examination of the ground on each side. 

59. Strike-faults are very difficult to detect in preli- 
minary reconnaissance work but, unless they are of very small 
throw, they should be easily foimd during detailed mapping 
provided the general structure is not of great complexity. In 
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the Tertiary areas of Assam, strike-faults, often of very great 
magnitude, are very common. Their recognition in the field 
is often a very simple matter where there is visible anticlinal 
folding, the strike-faults in many cases replacing the middle 
limb of an anticline. In some other instances very little dis- 
turbance occurs along a strike-fault, there may be no abrupt 
change in dip and beds of like nature may be brought together ; 
in such cases the recognition of the fault must depend very 
largely on the geologist’s knowledge of the details of the suc- 
cession; possibly the field mapping can subsequently be con- 
firmed by micro-petrological investigation. The smaller strike- 
faults may be recognizable by anomalous topographical 
features; for example, in one area in which I was mapping 
there was an easily traceable group of sandstones forming part 
of a scarp and providing a convenient datum line from which 
to measure the stratigraphical thickness of the beds above and 
below. Some distance above these beds there occurred a very 
soft argillaceous group, still higher up a hard ealcareous- 
argillaceous-arenaceous group. The highest point in the area 
was formed by beds which appeared to occupy the place 
assigned to the very soft argillaceous beds and it was by no 
means clear how such soft beds could give rise to so big a 
feature. Further search showed signs of disturbance and it 
was eventually found that a small over-thrust strike-fault cut 
out the soft argillaceous beds and brought into their place in 
the succession the very much harder but also partly argillace- 
ous, overlying beds, so forming the high point. 

60. Much care must be taken in recording dip evidence. 
In country of the type under discussion dips are entirely con- 
fined to the stream exposures and even here great care is neces- 
sary to make certain that the dips are representative. False 
dips, influenced by surface creep, can be found in very shallow 
nalas on steep slopes as well as in the banks of deeper nalas. 
The most reliable dips occur in the bed of the stream itself 
although their measurement may not be especially easy. 
Where nearly horizontal alternating beds of clay and sand- 
stone occur in deeply dissected country it is often found that 
the dips in a stream have an anticlinal habit suggestive of 
the coincidence of a minor anticlinal axis with the stream 
course; in isolated instances, this may be mistaken for true 
anticlinal structure but careful examination will show that 
the supposed anticlinal axis follow's the windings of the stream 
and is a purely surface feature depending on the removal of the 
overlying rock from the stream valley (Figure 14). It 
wdll be noticed that the tendency to give dips directly into the 
hill-side is in opposition to the effects of surface creep (often 
known as terminal curvature) which tends to give dips down 
hill. Cases have been noticed where false dips occur over a 
very large area, the dip being almost always parallel to the 
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general slope of the hill-side and the explanation appeared to 
be that a limestone occurring only a short distance beneath 
the surface had suffered much from solution, and the surface 
features had very largely been determined by the effects of the 
removal of the limestone. 

61. The numerous difficulties referred to in the preced- 
ing sections may appear a somewhat formidable list but in 
practice it will be found that persistence and patience will lead 
to a resolution of many of the perplexities, or at least to the 
reduction of the number of possible explanations to a very few 
whose merits can be carefully compared. If during the early 
stages of mapping a number of difficulties crop up it may be 
best to disregard the advice given to keep the mapping com- 
pact and leave the difficult area to be re-visited wffien more 
experience of the ground has been acquired. Occasionally 
the difficulties can be satisfactorily overcome by making use 
of a much larger scale for the mapping of a small part of the 
area. Help is most likely to be forthcoming by combining a 
larger scale with a few well-planned excavations. Where the 
area is of somewhat low relief a large number of excavations 
may be necessary. This was found to be the case in detailed 
mapping in Trinidad, but in areas where the relief is moderately 
high, as in most of Assam, the need for excavations is consi- 
derably reduced and excavating on a large scale will be restrict- 
ed to a few isolated spots where critical evidence is 
desired. This remark does not of course apply to the frequent 
use of the hoe or possibly pick in the sides of small streams 
without which exact evidence of boundaries may be impossible. 

E. Completing the Map. 

62. It is hardly necessary to devote more than a few 
words to a discussion of the completion of the map since this is 
a subject covered by many text-books. The field sheets (Figure 
15) should, if possible, be ready for reproduction by what- 
ever method is to be used. They should not need extensive re- 
drawing. It is a convenience to have all geological details in 
black, all streams and heights in blue and paths, ridges, build- 
ings and survey points in red. Other colours can be made use 
of if necessary, for example, green for the boundary lines of 
properties. My own preference in completing a coloured map 
is to avoid a^Dplying crayons for lithology and to use them 
sparingly or not at all for colouring in the group boundaries. 
As soon as each field sheet is completed the groups are colomed 
with ordinary draughtsman’s watercolours using a very light 
w^ash so that no details are obscured. This method is not 
always practicable and it may be desirable to colour boundaries 
in the field as the mapping proceeds, using coloured crayons. 
It is important to record as much of the evidence as possible 
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on the field sheet during the actual survey, restricting the use 
of the note book to aneroid heights, traverse figures and details 
of special sections. 
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63. It is desirable to get these field sheet data inked up 
each day, but this rule cannot be rigorously applied ; in jungle- 
covered country the geologist will probably be dependent en- 
tirely on walking and if his camp is necessarily situated at 
some distance from his work much time may be spent in going 
to and from work. If so, it is a saving of time to get in as 
long a day as possible when working in the more distant parts 
of the area, even at the expense of leaving the inking up to be 
done the following day. A word of caution is necessary here 
since there may be a temptation towards the end of the day to 
continue mapping longer than is really justified. After a long 
day in the field one begins to get careless and unobservant and 
too great a prolongation of the day’s work will undoubtedly 
lead to errors. The geologist should therefore resolutely close 
his map -case and stop work as soon as he finds himself becom- 
ing unobservant. 

64. In preparing the final map care must be taken to 
show topographical details as otherwise anyone going over the 
ground later on may find it very difficult to identify his posi- 
tion. On the other hand, a map crowded with topographical 
features may fail to show the essential geology with sufficient 
clarity. This error is more likely to be found in maps of 
populous areas than in maps of thickly forested, sparingly in- 
habited country. 

IV. Mapping on Smaller Scales. 

65. Although the small-scale mapping should logically 
precede the more detailed work, it is convenient to reverse the 
order for iDurposes of discussion. Very much the same types 
of methods are used in mapping on, for example, the one-inch 
scale, although here no attempt will be made to attain the 
accuracy of topography desirable in the more detailed work; 
usually it will be sufficient to make use of whatever published 
maps are available, to enlarge these to the required scale, and 
add such supplementary details as may be found necessary. 
Much will depend on the accuracy of the maps available but it 
is seldom possible to dispense entirely with traversing as very 
few maps of jungle-covered country give sufficient details to 
enable one to identify one’s position excepting at points such 
as important stream junctions, isolated peaks, etc. 

66. Bigorous tape and compass traverses will usually 
be restricted to those streams likely to give good sections 
suitable for exact measurements of the succession. Elsewhere 
the geologist will dispense with the assistance of a traverser 
and keep his position by means of pacing and hand-compass 
traverses or by some- even rougher methods of keeping track, 
of which a few may be worth mentioning. Even more than 
in the case of detailed work, the geologist is dependent on the 
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streams, and he is, therefore, mostly concerned with means 
of keeping track in the streams. Where the available map 
is thought to be reasonably good the most satisfactory me- 
thod of keeping position is to note on the map the exact time 
at which each stream junction is reached. Except in the 
case of very large streams or small rivers the bends are 
likely to be too generalized to be of any great assistance, 
although in exceptionally accurate maps the more import- 
ant bends may be recognizable even in small streams. The 
actual geological observations are entered in the note book, 
which is used much more than in detailed mapping, and the 
exact time of each observation noted. Provided the identifi- 
able points are sufficiently near together, this method gives 
a convenient means of getting all the geology on to the map 
but it may be necessary also to take some account of the 
variations in rate of progress in the different parts of the 
streams between identifiable points. 

67. Where the best available map is less satisfactory, 
it is convenient to resort to a time and compass traverse. 
The geologist should be able to estimate his rate of travel 
under various conditions. It may be two to three miles an 
hour in a dry stream with a firm sandy bottom or less than 
half a mile an hour in rocky, boulder- strewn mountain tor- 
rents. At each stream bend a compass observation is taken 
and the time noted together with some indication of the pre- 
vailing rate of progress. An allowance is made for time 
taken up in geological observations. This may sound some- 
what complicated but in actual practice is very simple and 
provides a convenient means of plotting out the course of a 
nala of which only a generalized version is available on the 
existing map. An even rougher method is to take the direc- 
tion from the sun. This is possibly of little use in stream 
traversing but may be extremely helpful when going along 
a path not shown on the map or shown only very roughly. 
Where this method is used the direction of the sun (or pre- 
ferably of one’s own shadow) is checked from time to time 
with the compass. If the sun is behind, it is easy to esti- 
mate the general direction of travel by keeping a look out 
for the angle between one’s shadow and the direction of 
the path. The direction of travel is naturally only recorded 
from time to time and not at each bend in the path. If the 
sun is in front or approximately at right angles to the 
general line of march, it is best to have a man walking a 
couple of yards ahead to provide the shadow. On a path 
the rate of travel may be rather more variable than in a 
stream — a gentle descent on a good path may add almost a 
mile an hour to one’s speed without it being appreciated. 
For traverses along a path it is therefore preferable to use 
a pacing counter ; this is an extremely simple counting 
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mechanism which is held in the left hand and pressed as 
each alternate step is taken. After a very little practice 
this becomes so nearly automatic as to cause no inconveni- 
ence whatever and traverses of 10 to 15 miles can be carried 
out in this manner with extremely little trouble and with a 
much greater accuracy than by any method based solely on 
time. A long pacing traverse based on actual counting is 
undesirable since the effort of counting necessarily detracts 
from the concentration on geological w^ork besides being some- 
what liable to error and tending to fatigue. Direction may 
be by compass or sun. 

68. Time traverses are particularly applicable to jour- 
neys by boat but may also be applied to travel by ponies, 
elephants, etc. Where possible, time traverses of whatever 
kind should be * closed ’ to a known point, or, if opportunity 
occurs, they should be checked by taking compass bearings 
on to three known points. 

V. Cost of Geological Survey in Jungle Country. 

69. It will readily be appreciated that, compared with 
work in open country, geological surveying in densely-forest- 
ed tracts is extremely slow and expensive. Travel is both 
slow^er and more costly; the radius of action from any given 
camp or other head-quarters is much less, men must be 
employed to cut through the jungle, adding to the expense, 
not only directly in wages but also, in many cases, indirectly 
in the cost of transport of rations, tents, etc. There is, 
therefore, little inducement for the private wwker to attempt 
the solution of geological problems involving mapping of 
any kind in country which is heavily wooded. Even wdth 
official surveys this drawback is still a considerable handi- 
cap. In the case of companies or individuals engaged in 
developing the economic resources of a large forested area, 
the total outlay is of necessity very large and although 
geological mapping is in itself a very costly item it forms 
only a small proportion of the total expenditure involved. 

70. Although the actual cost of geological work must 
vary very greatly according to the accessibility or remote- 
ness of the area examined, local rates of wages, the com- 
plexity of structure and stratigraphy, and many other fac- 
tors, it w^ould seem to be of interest to quote a few* actual 
figures giving an idea of the magnitudes involved. Unfor- 
tunately I have not been able to trace any published figures 
relating to the cost of geological surveys in jungle country, 
and it may be doubted if any even approximately compar- 
able figures have ever been made available. 

71. In the absence of any published data, the Burmah 
Oil Company have kindly allowed me to make use of figuies 
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based on work in Assam. From these it appears that the 
total cost of examining a single anticlinal area varying from, 
say, five to fifteen miles in length and one or two miles in 
breadth may vary between Bs. 10,000 and Es. 30,000. On 
an area basis taking the total area examined (which may in- 
clude a certain extent of outlying country examined ui much 
less detail) the cost may be between Es. 1,000 and Ks. 5,000 
per square mile. The size of these estimates may be sur- 
prising but, as already indicated, they can only be correctly 
judged when seen in proper perspective by comparison with 
the total cost of prospecting work. Here again comparable 
figures are not readily ascertainable, but to take as an ex- 
ample the work with which I have been connected — that of 
prospecting for oil, the cost associated with the early stages 
of development of an area may conveniently be divided as 
follows : — 

(a) Share in the cost of small-scale mapping. 

(b) Cost of detailed mapping. 

(c) Concession fees. 

(d) Cost of drilling one or more test wells to find out 

whether oil is or is not present in commercial 
quantities. 

Of these items, the last mentioned, including as it does, the 
cost of building roads and possibly railway track, the pur- 
chase of machinery and fuel, the transport of materials of 
all descriptions to the site, erection of houses and the pay- 
ment of wages, is by far the most expensive. For example, 
an area recently tested in Upper Assam (with negative re- 
sults) involved a total outlay of Es. 16 lakhs of which the 
original geological work cost about Es. 20,000. Expendi- 
ture in three areas in the Surma Valley on which prospect- 
ing operations have been in progress for a number of years 
without, so far, reaching any definite result has already ex- 
ceeded 180 lakhs. The original geological work in connec- 
tion wfith these areas cost about half a lakh. These figures 
show that, expensive though geological mapping must neces- 
sarily be in difficult jungle-covered territory, it forms only a 
small part of the very great outlay involved in adequate 
prospecting operations. 

72. From another point of view, bearing in mind the 
very large sums involved in a recommendation to drill a deep 
test well or to sink a mine shaft, it is very clear how 
important it must be for the geological work to be 
carefully carried out ; the difficulties of the territory 
must not be allowed to detract from the reliabi- 
lity of the geological work as a result of which such 
large sums may be expended. Even with the greatest care, 
there remains in many prospecting operations, and especially 
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in the petroleum industry, a very great gap between the 
best available geological work and the actual proving of 
economically workable accumulations of minerals. For ex- 
ample, the Burmah Oil Company alone have spent during 
the past twenty years over three crores of rupees^ in pros- 
pecting operations, all based on geological advice, without 
unfortunately receiving any return whatever, or as yet prov- 
ing the existence of even one new commercially workable 
oilfield. Such a figure illustrates not only the very gi’eat 
cost of prospecting in ‘jungly’ counti-y, but also the neces- 
sity for the geologist to be continually on the look-out for 
ways and means of perfecting the application of his science 
to the problems of the development of the economic re- 
sources of the country. The preceding remarks have been 
prepared with the hope that it would be of some value to 
place on record one of the many lines of development by 
which geologists have been attempting to reduce the uncer- 
tainties of the application of geology to industry, and in con- 
clusion I have to express my indebtedness to the Burmah 
Oil Company for permission to publish methods used in their 
work and to my colleagues on the Company’s geological staff 
whose experience has been freely drawn upon. 


‘ Approximately Es. 3,60,00,000. 





Section of Geology. 

Abstracts . 

MINERALOGY. 

1. On the mode of occurrence and origin of Cumming- 

tonite in the limestones of the Kudurekaniye Eange 

of Hills, Tumkur District (Mysore State). 

B. Balaji Rao and B. Eama Eao, Bangalore. 

The clove brown mineral conspicuously occurring in some of the 
limestone outcrops of the Kudurekanive range of hills, near Huliyar 
(13° 35': 76® 33'), has been identified by its physical and optical 
'Characters and by its chemical composition to be a variety of Cumming- 
tonite. The presence of a ferruginous amphibole as a secondary mineral 
in a highly calciferous limestone bemg unusual, its mode of occurrence 
was studied in the field and this has disclosed that the mineral has been 
formed as a result of metamorphism in the portions of the limestone where 
‘it is interlaced with bands of ferrugmous quartz schist. It is evident 
that the requisite amounts of iron and silica for the crystallisation of 
Oummingtonite in the limestone matrix, have been contributed by the 
ferruginous quartz schist. The question whether the latter rock has 
found its place in the limestone as a set of intrusive veins or as veins 
of replacement by circulating solutions has been briefly touched upon. 
Though the evidence is neither definite nor conclusive, yet it seems to 
indicate the probable igneous mode of origin of the ferruginous veins. 

2. A note on the constitution of Cummingtonite. 

E. E. Tirumalachar and M. B. EAMACHAi^uRA Eao, 
Bangalore. 

A study of the chemical analyses of Cummingtonite from several 
localities has shown that there is an excess of silica over the metasilicate 
ratio in each case. In many of the samples there is water, sometimes 
running up to as high as 3 per cent, and it is shown that this water is 
not likely to be constitutional but only held in solid solution. The 
constitution of Cummingtonite is then explained as a mixture of ortho- 
and poly-silicates of iron and magnesium, and the differences in the pro- 
portions of FeO and MgO explain the apparent excess of silica over the 
metasilicate ratio. 

3. On the zoned felspars from the Porphyries near 

Mysore. 

S. R. Narayana Eao and B. S. Bhima Eao, Bangalore. 

The paper records certain observations made regarding the exact 
nature and constitution of the zonary banding noticed in some of the 
felspar phenocrysts from the porphyries near Mysore. Attention is 
drawn to the variations in the composition of the different zones — as 
indicated by micro-chemical methods. Some peculiarities relating to the 
mode of alteration of these zoned felspars are pointed out and their 
significance discussed. 
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4. A study in the uralitisation of Hornblende. 

K. Sripada Bao and M. B. Bamachandra Eao, 
Bangalore. 

While the nature of the uralitisation of pyroxenes is fairly well 
known, there has been little or no information regarding the transfor- 
mation of amphiboles into TJralite. The present paper serves to throw 
some light on this problem and is a study in the uralitisation of Horn- 
blende — ^from an amphibolite found near Sakarsauhalli (12® 47' : 78® 13') , 
Kolar District. From a detailed study of the Uralite in relation to 
the Hornblende and comparison with the similar alteration product known 
to be associated with pyroxenes, it is shown that the probable causes 
for, and processes involved in, this type of mineral alteration are essen- 
tially similar in the two cases. 

5. Ilmenite crystals from Kishengarh State (26J® : 75°), 

Bajputana. 

S. L. Biswas and B. Maitra, Calcutta. 

The crystals show distinct cleavage parallel to the basal pinacoid. 
Forms developed are c, s, r, n, a, e, ni, t, m, (Dana) and also the new 
forms (2205), q(0554), and p(4045). 

A stereographic projection of the different forms is given. 

6. A short note on the habit and the alteration of 

Magnetite. 

S, Lakshmana Bao, Bangalore. 

The mineral described in the paper is found in the highly altered 
ultrabasic rock, near Talur Chrome Mines (12® 11' : 76® 37'), Mysore 
District. It is isometric in crystal system and occurs in cubes and com- 
bination of cubes and octahedrons. The development of new faces due 
to corrosions has been just noted. Spinel type of twinning as well as 
oscillatory combinations, the latter, in microsections, have been noticed. 
The mineral has dark brown colour, submetallic lustre with a brownish 
tarnish, and reddish brown streak. Its hardness is 5 “5*5 and Sp. Gr. 
4-23. The chemical composition of the non-raagnetie portion is FegO., 
84*83% ; CroO., 0*48% ; SiO. 4*15% ; AljO,, 0*10% and MgO in traces, 
HgO 7*92% and its formula is 5 FesOg.’ 4 H„0. Its habit and its 
angxilar measurements suggest the mineral to be magnetite, but its 
chemical composition, streak and low specific gravity and non-magnetic 
property confirm the mineral to be a psendomorph of hydrous ferric 
oxide having the formula 5 Fe^O,. 4 HoO. 

7. On the secondary pyroxenes and associated minerals 

from the Tarurites of the Sakarsanhalli Area, Kolar 
District (Mysore State). 

K. Skip ADA Bao and M. B. Bamachandra Bao, 
Bangalore. 

The paper deals with a detailed study of the Tarurites from the 
Sakarsanhalli area (12® 47': 78® 13'), Kolar District, especially with 
a view to investigate the nature of the secondary pyroxenes and asso- 
ciated minerals contained therein. On the basis of their optical charac- 
ters and chemical constitution, it has been shown that the so-called 
‘ Secondary Augites ’ of this rock are really of the nature of Diopside. 
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Atlention is drawn to the occurrence, associated with these secondary 
pyroxenes, of Rhodonite, Spessartite and Scapolite, and the interesting’ 
question of the exact mode of origin of these minerals in this area is 
next discussed. Apart from these, a few minerals allied to Blanfordite 
or Piedmontite and Winchite are tentatively identified in some of the 
sections. 

8. An alternative formula for the mineral Vredenburgite. 
M. E. Anantanarayana Iyer, Bangalore. 

In view of the fact that Vredenburgite is strongly magnetic and that 
other strongly magnetic minerals belong mostly to the spinel group, the 
analytical figures for the two specimens of the mineral given in Dr. 
Permor’s Manganese Memoir are recast so as to give a spinel grouping 
in the formula. The formula suggested for the mineral is obtained by 
recasting the analyses of two specimens given in the above Memoir and 
three new analyses by the author; it is a combination of the formuIjB 
for Bixbyite and Spinel. It is suggested that Sitaparite may be classed 
under this group as a distinct species. 

In discussion, Dr. Fermor pointed out that recent -work by Dr. 
Christie suggests that Vredenburgite is a mixture of two manganese 
minerals. 


ORES. 

9. Chromite deposits in Mysore. 

T. P. Krishnachar, Bangalore. 

In Mysore, chromite deposits are practically confined to ultrabasic 
members of Dharwar system. Lens-shaped ore-bodies in Hassan District 
lie along Nuggihalli schist-belt (13" 1': 76" 280, m talc-serpentine 
matrix, while near Mysore chromite veins occur in altered dunite rocks. 
These ultrabasic rocks are intrusive into original hornblende-schist and 
are intruded by later gneisses. 

Surface and underground observations do not favour the suggestions 
made regarding the altered dunite rock being a peridotite member in the 
basic division of charnockites. 

Serpentine and Magnesite have been formed by the alteration of 
Olivine (in Mysore District) and Enstatite (in Hassan District) through 
the agency of water charged with carbon dioxide. 

From the cooling ultrabasic magma, Chromite was separated out as 
the first basic differentiate and the degree of concentration (i.e., segre- 
gation) varies from the pure aggregate of a lens to the ultrabasic rock with 
some grains of Chromite. 

High-grade ore deposits of Hassan District are being worked by 
open quarrying, and those near Mysore by underground methods. Near 
Arsikere (13® 19': 76® 15') a concentration plant is now set up to con- 
centrate the low-grade ores. Some experiments are being conducted by 
the Mysore Government to produce ferrochrome from the high-grade ores 
of the state. 

10. Microscopic characters of Bawdwin Ores. 

S. K. Roy and S. Krishnaswamy, Dhanbad. 

The authors made a systematic study of the polished specimens of 
Bawdwin (23" 7': 97" 19') ores collected by one of them and during 
their investigations discovered Tetrahedrite, Bornite, Proustite, Pyrrhdtite, 
etc., not reported from this area before. 
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This paper also includes a hitherto unpublished detailed geological 
map of the mining area on the scale l'' = 400 ft. The authors have re- 
classified the Baivdwin volcanic series into 

(i) Bawdwin tuffs 

(ii) Teddy grits 

(iii) Chloritoid schist 

(iv) Khyolites 

and described their micro-characters fully. 

11. Note on the kaolin deposit of Manjhapara (Gangpur 

State, Bihar and Orissa). 

D. P. Chanboke, Calcutta. 

Kaolin is derived by the alteration of a pegmatitic boss, intrusive 

mto Dharv^ar phyllites at Manjhapara (22° 2' : 84° 12'). The pegmatite 

possesses large ’weathered zones of Felspar, with occasional segregations 
of Eubellite, and a black variety of Tourmaline. 

Kaolin is especially rich in alumina, and the percentages of iron and 
moisture are low. The results of analysis are compared with those for 

consignments received in India from Cornwall, and also those prepared 

at the Kasimbazar Mines. The Manjhapara product possesses low 
plasticity and crumbles away at 1400° C., without showing any colora- 
tion. The deposit seems to be fairly extensive. 

IGNEOUS ROCKS. 

12. A |)rehminary note on Khanapur Gneiss. 

K. Y. Kelkae, Poona. 

A massive granitoid type of gneiss occurs around Khanapur (15° 38' : 

74° 31'), Dt. Belgaum (Bombay). It consists of Orthoclase, Quartz, 

Biotite, and a subordinate amount of Oligoclase, Microcline and Mus- 
covite. Porphyroblasts of Felspar, chiefly Orthoclase, are embedded in 
a matrix of granular Felspar and Quartz and Mica flakes. The gneissic 
structure is usually well developed. In thin sections are observed Apatite, 
Zircon, Magnetic iron ore, Epidote, Zoisite and granules of Sphene. The 
gneiss exhibits resemblances to the Bundelkhand type of gneisses. 

13. Geology of Pallavaram Hill: the type area of the 

Ghaniockite series. 

T. N. Muthuswamy and C. M.^hadevan, Madras. 

The type area of Charnockite series, i.e., Pallavaram Hill (13° O': 

80° 12'), was geologically mapped in detail (Scale 1" = 250 ft.). Besides 

noting the contact relations and transitions in the members of the series 
from leptynites to acid, intermediate and basic varieties, a special study 
of the basic veins and dykes ’was also made. Petrological examination 
of over eighty field specimens representing the gradations discloses 
various stages of differentiation of the original magma. Structural and 
paramorphic changes in the minerals as observed under the microscope 
are also described and discussed in relation to the geological history of 
the area. 

14. A short note on Sylhet Trap. 

P. C. Datta, Calcutta. 

This short note embodies the results obtained from a chemical and 
physical study of the rocks collected from the neighbourhood of Cherra 
Punji (25° 17': 91° 44'), Khasi and Jaintia Hills (Assam). 
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15. On the nature of the spots found in the trap rocks 

near Lingadahalli, Kadur District (Mysore State). 

Charles S. Pichamuthu, Bangalore. 

There has been some difference of opinion on the question of the 
exact nature and mode of origin of the ovoid and irregular spots and 
patches frequently noticed in the Trap rocks of the Lingadahalli area 
(13® 36' : 75® 51'). This problem has now been investigated, and from 
a detailed microscopic study of these * spots ’ and their relation to the 
main rock mass, evidence has been put forward to show that these are 
of the nature of amygdaloidal infiUings and not due either to autoclastic 
phenomena or alteration of phenocrysts. 

16. A note on the tuff of Wajrakarur, Anantapur District 

(Madras). 

C. S. PiCHAMUTHU and S. Eamachandra Eao, Bangalore. 

In view of the suggestion frequently made that the tuff of Wajra- 
karur (15® 2' : 77® 23') must be considered as the original matrix for the 
South Indian diamonds, a detailed study of this rock type was undertaken 
to find out its exact nature and probable similarity to the well-known 
diamondiferous Blue Earths of Kimberley. The rock is a typical tuff 
and often shows fragments of foreign rock such as the pink G-ooty granite, 
hornblende- schist, etc., all cemented together by a glassy matrix which 
in some places presents a vitro-clastic texture. Under the microscope, 
sections of the rock show a general glassy matrix with a few crystalline 
grains here and there, chiefly of Microcline, Plagioclase Felspar and 
Hornblende. The general nature of the mineral contents and the entire 
absence of basic minerals like Augite and Olivine, together with the low 
specific gravity of the rock, suggest a tuff of andesitic composition, quite 
different from the matrix of the diamonds in the Kimberley mines. 

METAMORPHISM. 

17. On the origin and correlation of the manganiferous 

limestone and associated rocks of Sakarsanhalli 

Area, Kolar District (Mysore State). 

M. B. Eamachandra Eao, Bangalore. 

A series of metamorphic rocks of the nature of garnetiferous-quartz- 
pyroxenites (Tarurites), Cummingtonite-schists, ferruginous-quartzites 
and manganiferous limestones from Sakarsanhalli area (12® 47' : 78® 13'), 
Kolar District, have been carefully examined and mapped. From the 
evidences obtained both in the field and under the microscope, these meta- 
morphic rocks are shown to be the result of acidic intrusions into horn- 
blende-schists and amphibolites. The limestones have proved to be only 
secondary alterations of the pyroxenic rocks. The once suggested theory 
of sedimentary origin is shown to be untenable. It is also shown that 
these rocks are not of pre-Dharwar age but belong to the lower hom- 
blendic division of the Dharwars. 

18. Contact metamorphism in limestones of the Mogok 

Series from the Mogok Stone Tract (23® : 96|°). 

A. K. Banerji, Calcutta. 

Two instances of contact metamorphism are discussed. In the first 
case a Felspar rock is intruded into limestone, coarsely crystalline Albite 
being the predominant Felspar in the rock. The contact rock consists 
of Nepheline, Diopside, Calcite, Felspar and Apatite. The genesis of 
the contact rock is shown to be the result of assimilation, the Nepheline 
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being formed thiough desilication of Albite material. In the other case, 
a pegmatite is in contact with the limestone. At the contact is developed 
a rock composed of Scapolite, Diopside, Felspar and Calcite. The contact 
rock IS taken to be due to the interaction with the limestone, of magmatic 
material derived from the pegmatite. 

STRATIGRAPHICAL AND GENERAL (OLDER ROCKS). 

19. The Palkanmardi conglomerate. 

L. S. Krishna Murthy, Hyderabad State. 

At and near Palkanmardi (16“ 14' 3" : 76" 47' 11") » Deodrug Tehsil, 
Eaichur District (Hyderabad State) near the junction-zone of the Dharwar 
schists and the peninsular gneisses, some interesting caught-up pebbles 

of gneisses and schists occur imbedded in an igneous matrix. They are 

mostly rounded and some of them are elongated. They vary in size from 
smalf pebbles to boulders about 1 foot or more in diameter. The paper 
discusses the geology of the area and the probable origin of the formation. 
Maps, photographs, micro-sections, and specimens illustrate the paper. 

20. The geology of the country around Ghoriajor (22° S': 

84° 9') Gangpur State, Bihar and Orissa. 

M. S. Krishnan and D. P. Chanboke, Calcutta. 

The rocks occurring in this area are referable to the Dharwars, and 

comprise members of the Gondite series, ph^llites, mica-schists, crystalline 
limestones, gneissose granites and pegmatite. The schistose members 
are highly folded and dip towards the S.E. or B.S.E. at angles varying 
between 30" and 60". The phyllites with the associated gondites seem 
to be the oldest rocks, followed by mica-schists and crystalline limestones. 
Tourmaline-bearing granite and pegmatite are intrusive into these. The- 
gondites occur along a band about seven miles long and a quarter of a 
mile wide. They constitute several types in which combinations of the 
following minerals are present — Quartz, Microcline, Bhodochrosite, 
Spessartite, Bhodonite, Blanfordite, 'Winchite, Barite and Mangano- 
phyllite. The ores are mainly Braunite and Psilomelane with minor 
amounts of Pyrolusite. 

Between 1909 and 1928 the area produced about 350,000 tons of ore, 
but the quarries were abandoned as, with increasing depth, underground 
mining would have become necessary if work were to be continued. The 
area is being re-explored by a Calcutta firm who were able to raise about 
2,000 tons during 1930-31. 

21. On the classification and correlation of the Champaner 

series of the Bariya State, Eewakantha Agency 
(Central India). 

B. Eama Eao, Bangalore. 

Noting the salient features of the different groups of rocks of the 
northern extensions of Blanford’s Champaner Series as developed in the 
Bariya State (23® : 74"), on lithological grounds and stratigraphic super- 
positions, the series has been classified into (1) The Dhanpur^ Schists, 
(2) the Poyelli- Limestone, (3) the Baria® Quartzites, (4) the Dharia'* 
Limestone, and (5) the Bajgad^ Shales. Of these it is not clear whether 
the Dhanpur Schists have to be grouped among the Archaean Schists, 
or as the lowest members of the ‘ Champaner Series ’. The rest 


^ 22® 38' : 74“ 6'. 22® 42' : 73" 54'. 

= 22® 28' : 73® 43'. ^ 22® 27' : 73" 40'. 

® 22® 34' : 73® 39'. 
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in their general lithological characters and order of superposition show a 
striking resemblance to the various groups of the Delhi System of Eaj put- 
ana. The Poyelli Limestone corresponding to the Raialo Series, and the 
Baria Quartzites, Dharia Limestone and the Eajgad Shales to the Alwar 
Quartzites, Kushalgarh Limestone and the Ajabgarh Series respectively, 
indicate that the Champaner Series may in general be correlated with the 
Baialo Series and the Delhi System of Dr. Heron. 

But the Poyelli Limestone members seem to have also their litholo- 
gical equivalents among the limestones and the acidic schists in associa- 
tion with the Champion gneisses of Mysore, the constituents of the upper 
division of Dharwars. 

It is doubtful whether the higher divisions of the Champaners, like 
the Baria Quartzites and the Eajgad Shales, have been represented there- 
in or not. 

It can only be said at present that the Champaner Series can be cor- 
related with the Delhi System as classified by Dr. Heron in 1917, and 
also with a part of the upper Dharwars of Mysore. The series can 
neither be correlated with the Aravallis, nor with the whole of the 
Dharwars as suggested by some geologists. 

22. Some studies in the geology of the area west of 

Banganpalli, Banganpalli State (Madras). 

C. S. PiCHAMUTHu and M. E. Srinivasa Eao, Bangalore. 

The paper gives a detailed account of the geology of the area about 
6 miles west of Banganpalli (15° 18' : 78° 14'), and from certain evi- 
dence detailed in the paper, the probable existence of an east- west fault' 
line, almost parallel to the Jurreru river, is suggested. 

23. Notes on the geology of Mt. Diamir (26,620 ft.)’ 

(Nanga Parbat), North-west Himalaya, Kashmir. 

D. N. Wadia, Calcutta. 

Nanga Parbat (35° 14' : 74° 35'), the culminating peak of the Punjab 
Himalaya, is not a peak on the central axis of the Great Himalaya Range, 
but it stands out as a solitary eminence to the north of that axis as a 
mighty spur. It presents stupendous, bare, rocky precipices to the south and' 
south-west, but to the north, the aspect is rather tame, though this flank 
ascends 22,500 ft. directly from the Indus bed, within barely 17 miles. 
This slope is concealed under 100 sq. miles of snowfields, drained by four 
glaciers which descend nearly 8,000 ft. below the snow-line. 

Above 15,000 ft. level, the mountain is almost inaccessible to field 
geologists, the wall -like precipices of the south, rising sheer 13,000 ft. 
from the Eupal valley and the unrelieved snow-cap on the north, alike 
forbid approach. For this portion, the enormous stretches of moraines 
and the fresh, frost-bitten rock-debris continually shed by the avalanches, 
are the only means of investigation. Below the snow-line, however, the 
geological structure as well as composition is laid bare in a series of fine 
exposures, well seen in the naked cliffs facing the Indus and the Astor 
valleys. 

From these, the geology of Nanga Parbat is found to be of great 
simplicity. It is composed almost entirely of finely schistose, streaky 
biotite-gneiss with interbedded coarsely re-crystallised marble, graphite- 
schist, etc., well-stratified and having a persistent dip to the north-west; 
these are traversed by thick basic black epidioritised dolerite sills and 
dykes, now represented by massive amphibolite and hornblende-schist. 
The present writer has no doubt that the biotite-gneiss is a paragneiss. 
a transformation-product of original pre-Cambrian sediments (his Salkhala- 
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series) which constitutes the country-rock of the surrounding region. 
Through this basement complex are thrust sheets and dykes of acid gra- 
nite-gneiss of a later intrusive phase. In the Tarshing valley and fur- 
ther south-east near Rattu, the Nanga Parbat gneiss gradually passes 
into less metamorphosed Salkhalas in which all the typical elements are 
•easily recognised. 

The tectonics of the Nanga Parbat region is discussed in relation 
to the syntaxial angle of the North-West Himalaya. 


STRATIGRAPHIC AL AND GENERAL (ARYAN). 

24. On the flints and cherts of the Niniyur Stage (II), 

L. Rama Rao and C. Prasannakumar, Bangalore. 

In a paper communicated to this section of the Congress in 1930, the 
authors have generally established the fact that the several bands of 
flints and cherts of the Niniyur Stage, are all the result of silicification 
of previous organic limestones. The present paper is a more intensive 
study of the flints from a particular area, near Sainthoray (11° 15' : 
79“ 13'), with a view to resolving them further into definite types based 
on the exact nature of the parent rock and subsequent differences in the 
type of silicification. 

25. On the mode of origin of the Lameta limestone of 

Jhabu, Bariya State (Bombay). 

B. Rama Rao, Bangalore. 

Due to Dr. Farmer’s suggestion (Rec, Geo. Surv. Ind,, Vol. XLIII, 
page 32) that many of the so-called Lameta Limestone outcrops of Cen- 
tral India might be of metasomatic origin, as he found to be the case 
of the infra-trappean limestones of the Chhindwara District, the Lameta 
limestone band of Jhabu (22® 40' : 74® 11') was carefully examined. All 
the evidence available in the region points out that the main mass of the 
limestone could not have originated due to replacement of any rock by 
calciferous solutions, either during the pre-trappean or post-trappean 
period. By its definite horizon underlying the sandstone members of the 
‘Lameta series’ and overlying unconformably the crystalline schists, 
and ^ by the characteristic micro- textures of the slides of many of its 
specimens, the rock is believed to have a true sedimentary mode of origin. 

In the same region are other insignificant isolated patches of calci- 
ierous rocks formed by diverse methods which by their infra-trappean 
position might be mistaken as variant phases of the true limestone. In- 
stances of such pseudo-Laiueta calciferous rocks have been noted for com- 
parison. 

26. ' The application of the Nappe Theory in the Himalayas. 

S. K. Roy and B. Bhargava, Dhanbad. 

When mapping Mandi State (31J® : 77“), Punjab, geologically, one 
ot the authors found slicken-sided masses of pink dolomite marble, pro- 
bably of Blami age, lying unconformably in irregular and isolated north- 
south strips on the unmetamorphosed Tertiaries of the area, at an alti- 
^de of about 4,000 ft. The rocks are lying among these without roots. 
Dirniiar rock is found, more or less at the same altitude in autochthohe 
■condition only after one has gone more than 16 miles towards east. No 
trace of the rocks could be seen in the intervening country occupied by 
hills of granite, slates and quartzite more than 7,000 ft. high. The only 
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plausible explanation of the above phenomena is that the dolomite has 
been everthrust as in the case of Nappes of the Alps. 

The paper includes the first geological map of Mandi State (scale 
1 inch =2 miles). 

27. A note on the Quilon limestone. 

C. S. PiCHAMUTHu and C. Prasannakumar, Bangalore. 

Though the probable presence of a bed of limestone below the laterite 
round about Quilon (8® 53': 76° 36'), Travancore State, was suggested 
so far back as about 1850, yet none of the subsequent observers were 
able to get at the rock in situ but based their conclusions regarding the 
nature of what they called the Quilon limestone only on the study of 
a few stray boulders found round about Quilon. This paper records the 
rediscovery of this limestone below the carbonaceous beds of the Warkalay 
formation and its in situ occurrence has been proved in an excavation 
about 8 miles south-east of Quilon. The limestone is highly fossiliferous 
and two types of corals, several genera of molluscs, some foraminifers 
and a fossil crab have been recorded, all of which suggest a middle ter- 
tiary facies. 


SEDIMENTARY PETROLOGY. 

28. Petrology of some Barakar sandstones occurring in 

Gangpur State, Bihar and Orissa. 

M. S. Krishnan, Calcutta. 

Barakar sandstones overlying Dharwarian metamorphic rocks occur 
in the south-western part of Gangpur State (22®: 84®). They have a 
low (10®— 20®) southerly or south-westerly dip, and their contact with 
the metamorphics seems to be one of original sedimentary deposition. 
They are generally felspathic and contain ferruginous matter, Muscovite 
and occasional Tourmaline. 

Heavy minerals were separated from four specimens collected from 
near the boundary of the Barakars with the metamorphics. Three of these 
showed very abundant Tourmaline — over 95 per cent. — and small quanti- 
ties' of Magnetite and Ilmenite, Epidote, Garnet, and Rutile. The fourth 
specimen was an exceptionally pure sandstone with matrix of white clay. 
The small amount of heavy minerals obtained from this contained iron ore, 
Zircon, Rutile, Hornblende, Tourmaline, -Actinolite, and traces of Mona- 
zite, Kyanite, Staurolite and Garnet. 

The source of the sediments seems to be the granitic gneisses and 
mica-schists occurring to the north and north-east, especially as these are 
rich in Tourmaline and also contain the other minerals mentioned above. 

29. The heavy mineral assemblages of white clay and 

ochres associated with laterite of Sohawal State 
(24° 25': 80° 45'), C.I. 

N. L. Sharma and S, Purkayastha, Dhanbad. 

The white clay and red and yellow ochres of Sohawal State show al- 
most exactly similar heavy mineral assemblages, characteristic minerals 
being Kyanite, Staurolite, Rutile, Garnet, Tourmaline, and Zircon. The 
frequency of all the minerals and descriptions of the more important ones 
have been given in the paper. 

It is interesting that most of these minerals are totally absent in the 
Upper Rewah and Upper Bhandar sandstone beds underlying the laterite 
in which the high grade clays occur. 
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30. Action of solvents on some Indian coals. IV. 

N. N. Chatterjee, Calcutta. 

In the paper the author has embodied the result of his study of the 
action of Pyridine and Chloroform on some Jharia coals. The specimens 
were obtained from seams Nos. X, XI, XII, XIII, XIV, and XV. All 
of them are caking coals and in quality they do not differ to a very great 
extent. The amounts of the alpha, beta and gamma compounds in these 
coal specimens were determined quantitatively and the analytical results 
show that the amounts of the pyridine-extract in the different specimens 
vary within wide limits. In the case of seam No. XIV the amount of 
jpyndine-extract w'as very small whereas that of seam No. XII came to 
about 11 per cent, of the coal substance. The percentage of the gamma 
compound in the coal samples also varies greatly. The relationship be- 
tween the amounts of these extracts and the carbon-hydrogen ratio is dis- 
cussed. The effect of oxidation of the coal substance on the caking pro- 
perty and the behaviour of the oxidised coal substance towards the solvent 
action is also dealt with in the paper. 

WATER SUPPLY. 

31. Salinity of the underground water and occurrence of 

Brine in parts of Eaichur Do-ab (16° : 77°), 
H^'-derabad State. 

S. K. Mukhbrji, Hyderabad State. 

Parts of Raichur Do-ab, Hyderabad State, are saliferous. The indi- 
genous salt industry has been carried on from time immemorial both from 
brine and saline efflorescence. In the course of operations of the Well 
Sinking Department, it has been noticed that the younger acidic repre- 
sentatives of the Pink Series of Peninsular Gneisses of the area, either in 
K5ontact with the Dharwar Schists, or independently of them in the neigh- 
bourhood, have yielded saline water. The paper discusses the distribution, 
mode of occurrence and the probable origin of salinity, and gives complete 
analyses of samples. 


PALAEONTOLOGY. 

32. On a limestone from the Pondicherry Cretaceous. 

L, Rama Rao, Bangalore. 

The paper gives a complete description of a very interesting type of 
organic limestone, forming one of the members of the Pondicherry Creta- 
ceous and records the extensive occurrence m sections of this limestone, 
of Lithotliamnion — an alga which was only recently discovered by the 
author m the Niniyur beds of the Trichmopoly Cretaceous. Prom a 
study of the fossils occurring in this limestone, the question of the pro- 
bable correlation of the rocks of the Pondicherry area with those of the 
Trichinopoly Cretaceous, is discussed, 

33. Some radiolaria from the Trichmopoly Cretaceous. 

L. Rama Rao, Bangalore. 

The paper records the occurrence of Radiolaria from the Trichinopoly 
Cretaceous rocks and embodies a brief descriptive account of some of the 
more important types from the phosphatic nodules of Utatur (11 “ 4': 78 
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350 • Several genera mostly belonging to the Spumellaria have been 
described and illustrated. The paper is thus a first contribution to a 
study of the South Indian Cretaceous Eadiolaria, about which we now 
know so little. 

34. On the age of the Dudkur fossiliferous beds, Madras 

Presidency. 

H. C. DaS'Gupta, Calcutta. 

The fossiliferous beds at Dudkur (17® 2': 81® 380 were first recog- 
nised by King in 1880 who relegated them to the infra-trappean. The beds 
were visited by the author with a party of students and fossils collected. 
A preliminary examination of the fossils reveals the presence of Venen^ 
cardia Beaumonti, d’ Archiac. The age of the beds is discussed and the 
author concludes that the beds should be regarded as inter-trappean and 
not infra-trappean. 

35. Additional fossil localities in the Upper Tertiaries of 

the Garo Hills, Assam. 

P. Evans, W. B. Metre, and B. H. Singh, Digboi. 

In view of the rarity of fossils in Assam special interest attaches to 
the two fossil beds found by Mr. Pinfold in the southern portion of the 
Oaro Hills (Rec. Geol. Surv. Ind., Vol. L, Part 2), A third fossil locality 
having recently been found by Dr. Pox, the junior authors, working un- 
der the direction of Messrs. Sale and Evans for the Burmah Oil Com- 
pany were instructed to search for additional localities in this area. Nine- 
teen new fossil occurrences were discovered, nine near Baghmara (25® 
12': 90® 38') and ten north of Dalu (25® 13': 90® 13'). 

The nummulite-bearing Eocene limestone and shales are unconform- 
ably overlain by Upper Tertiary beds. The lower portion of these is 
mainly alternations of sandstone and shale and the higher portion, in 
which the fossil beds occur, is made up of sandstones, grits, conglomerates, 
sandy shales and mudstones. Prom the work of Messrs. Vredenburg, 
Mukherjee and Eames the fossil beds are to be regarded as approximately 
Upper G-aj or Burdigalian. 

The paper describes in detail the position of all the better localities 
discovered by the junior authors and summarizes the less important locali- 
ties, and is accompanied by maps which should enable other workers to 
identify the position of each bed. 

The writers are indebted to Messrs. The Burmah Oil Company for 
permission to publish this paper. 

36. The Kanclianpur fossil bed. 

H. M. Sale, Badarpurghat. 

Owing to the rarity of fossils in the Upper Tertiaries of the Surma 
Valley a special interest is attached to the fossil bed at Kanchanpur 
(24® 39' : 92® 31'), to which reference was first made in the General 
Report of the Geological Survey of India for 1927. In this locality in 
Cachar a comparatively rich marine fauna of Lower Miocene age occurs 
in a thin fossiliferous bed which is placed stratigraphically m the upper- 
most beds of the Bhuban Stage. 
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Eeoent developments in Medical Research with particular 

REFERENCE TO InDIA. 

Ladies and Gentlemen, 

Lt.-CoL A. D. Stewart, Director of the 

Institute of Hygiene, Calcutta, was to have been president 
of this section but to our great regret he has unfortunately 
not been able to attend. On my recent return from home 
leave your committee asked me to take his place. While 
thanking you for this honour, I ask your indulgence for both 
the choice and subject matter of this address which has been 
prepared very hurriedly. Subjects that I was working at 
myself were written up and sent for publication before going 
on leave, so failing lines of work of my own, I thought it 
would interest you to hear a short account of what I think 
are the chief developments in recent medical research work 
illustrated as far as possible by details of work in India. In 
this I have been greatly helped by attendance at the recent 
conference in Calcutta of workers under the Indian Research 
Fund Association. 

2. I shall begin with the subject which I suppose loomed 
largest in the earliest days of all of us — ^the subject of Nutri- 
tion. Deficiency and Deficiency Diseases we have all heard 
of. Indeed we hear too much of it. Almost daily we medical 
men are bombarded by advertisements extolling the merits, 
of proprietary preparations in their content of vitamins, that 
now vary from A to E, but threaten to extend from A to Z. 
No, the new idea is not Deficiency but is Disproportion. It 
has been definitely shown that a disproportion or lack of 
balance of certain constituents of a dietary combined with 
vitamin deficiency will produce pathological conditions. This 
is well exemplified by some work of the Indian Research 
Fund’s Nutritional Research at Coonoor under Col. McCarrison, 
I.M.S., on the production of stone in the bladder by certain 
unbalanced diets. 

(a) In white rats a diet of white bread yeast and distilled 
water was found to invariably produce stones of the ammonium 
magnesium phosphate variety. This stone-producing aefcion 
could be completely counteracted by the addition of suffi- 
cient whole milk or butter or cod-liver oil, i.e., by adding 
vitamin A, for, the essential fault of this diet is that it is 
deficient in vitamin A. 
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(h) If to this stone-producing diet lime were added, then 
the stones produced were compounds of calcium, either the 
carbonate or hydroxide or a mixture of both, further these 
stone were multiple like grains of shot and there was also a 
great tendency for infections of the urinary tract to occur. 
It is to be noted that in this second diet we have not only 
a deficiency of vitamin A but also an excess of a mineral 
element— Calcium. While the stone-producing property of 
this second diet could be counteracted by giving vitamin 
A, it is important to note that this did not diminish the 
excretion of calcium by the kidneys, which still went on to 
the same high degree as before. This excretion was not 
diminished until more phosphates were added to the diet in 
the shape of sodium phosphate, when the excretion of calcium 
compounds by the kidneys was diminished and their excre- 
tion by the gut in the faeces was increased. Further it v;'as 
found that when an excess of lime in the diet was balanced 
by increasing the phosphates in this way, that very little 
vitamin A was required to prevent stone and to promote 
health. Thus this second diet needed to be corrected not 
only by adding vitamin A but also by adding phosphates and 
so restoring the relative proportion of compounds of calcium 
and phosphorous. It was not the absolute excess of calcium 
in the diet that mattered, but it was the disproportion or 
disturbance of the proper ratio of these two elements that 
threw extra work on the kidneys and caused disease, 

(c) As regards the action of vitamin A. It was found 
that however else it acts, it seemed to control the total 
volume of urine. When the vitamin was insufficient, the 
volume of urine was abnormally low, when sufficient vitamin 
A was added the value of urine excreted returned to normal. 
Obviously stones are more likely to form when the volume 
of urine is small. 

(d) The im 2 :>ortance of these observations in the proven- 
tion of this disease both in men and in animals is enormous. 
This is well seen by further observations made on stone in 
cattle. These stones are of the multiple variety like the 
calcium stones in rats on the second diet and also closely 
correspond to them in chemical compositions. An inquiry 
into the diet of these cattle revealed the fact that very 
often the diet was only rice and other straw plus ground 
nut husks and the empty pods of legumes, i.e., a diet with the 
same faults as the experimental diet — a deficiency of vitamin 
with an excess of lime unbalanced by a corresponding in- 
crease in phosphates. A detail will show the correctness of 
this idea of the diet being the cause of stone in cattle. These 
stones are laminated and it was thought that probably the 
lamination was due to intermittency of the error in diet, 
because of course cattle get green fodder after a monsoon. 
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By periodically changing from a normal to the abnormal 
diet mentioned, the stones in rats were also made laminated 
thus confirming the previous conclusion. 

The importance of this successful research lies not only 
in the means it gives us to prevent the occurrence of most 
cases of stone in men and of nearly all in domestic animals, 
but lies, to my mind, far more in the light that it throws on 
the method of action of lack of balance in diets. The throw- 
ing of too great a strain on a particular organ is very signi- 
ficant. Perhaps much of the chronic infiammations or im- 
paired functions of various organs and tissues are due to 
persistent long continued lack of balance and deficiencies of 
diet to a degree not sufficient to produce gross changes. The 
subject is in its infancy but a great step forward has been 
taken, and in this step we are proud that India has taken 
such a great share. 

3. My next subject is advances in knowledge of that 
group of infective agents that we call viruses in the strict 
sense, meaning those agents that are so small that they are 
invisffile by ordinary light at all stages of their life history, 
apart that is from certain bodies in cells of which nothing is 
certainly Imown but which may possibly be aggregations of 
the virus. As you are aware, of recent years the virus grouj) 
has come more and more to the fore as the causal agents of 
disease, not only in men and animals but also in plants. 

Yellow fever of which we in India fortunately know 
nothing, has been shown to be a virus disease, and it is in- 
teresting to note that this discovery and the fact that as in 
so many other cases the virus will keep alive when a bit of 
infected tissue is kept in diluted glycerine, has led to legis- 
lative action almost all the world over forbidding the im- 
portation of such virus. This gives one some idea of the 
immense jDOSsibility not only for good but also for evil that 
science is putting into our hands. Here in India we are 
troubled with dengue, which must also be due to a virus and 
apj)arently a virus closely allied to ^^ellow fever, for it has 
been stated that dengue gives some protection against yellow 
fever. Dog distemper has also been shown to be due to a 
virus and a formalinised vaccine shown to be useful. What 
will interest most of us here, both medical and lay. is that 
recent W’-ork points to coryza, the ordinary cold in the head, 
being due to a virus. Thus recently workers in America have 
been able to infect both men and apes with a bacteria free 
filtrate of the nasal secretions of coryza cases. Thus in one 
experiment, 9 out of 15 cases were successfully infected. It 
has also been claimed that the virus has been cultivated in 
vitro. There is nowadays always an element of doubt in 
claiming that an agent is a virus in the strict sense, for it 
may be a filterable invisible form of a bacterium. Thus it is 
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now suspected that the virus of tropical typhus is a filterable* 
fomi of B proteus, and that this is the reason why the serum 
of typhus cases agglutinates this bacillus which phenomenon 
has hitherto seemed a strange anomaly. Further we know 
that under the action of bacteriophage some bacteria may 
become filterable. We will consider bacteriophage later, to 
return to viruses. We are not only learning about new viruses 
but are also— thanks , to tissue culture— learning how to cul- 
ture them. Thus vaccinia virus has been cultured recently 
even as a simple culture, and perhaps the day will come when 
all our vaccine lymph 'will be grown not bn calves but iii flasks. 
Meanwhile we have an advance to record in the animal culture* 
of vaccine lymph. One of our duties at the King Institute* 
is to manufacture vaccine lymph for the Madras Presidency. 
So naturally we were greatly concerned when cases of post- 
vaccinial encephalitis were reported from several countries 
particularly from Holland. Fortunately it does not appear 
to have occurred in South India, for all Health Officers were* 
asked whether they knew of any such cases and the answer 
was in the negative. Now one of the theories advanced as 
to the cause of vaccinial encephalitis was that a new extrane- 
ous virus had been picked up by the lympth in its passage- 
through the rabbit for, as you must know, following the work 
of Nijland it is customary to maintain the potency of vaccine 
lymph by at least occasional passages through a rabbit. At 
the King Institute we had long adopted Nijland ’s full cycle 
for vaccine lymph on ox-calf, rabbit, buffalo-calf and then the 
ox-calf again, the calf lymph being used for man. Though the 
suggestion that encephalitis was due to a virus picked up from* 
the rabbit was not very likely to be correct, I thought it 
would be wuse to take every precaution, and so modified this 
passage cycle by introduchig another buffalo into it with the 
idea of further diluting the actual material that was obtained 
from the rabbit. Thus the cycle in the last two years has 
been calf, rabbit, buffalo, buffalo and then the calf again. 
The interesting thing to note about this modification is that 
it has definitely increased the potency and total yield of 
lymph from the final ox-calf passage. Dilutions of 1 in 1,500 
give continuous vesiculation on calves and the average yield 
per calf — we use a very small breed of calf, has risen from* 
23 grammes to 27 grammes. We have noted that whereas 
the second buffalo does not take well, the seed lymph taken 
from it has this good effect on calves. So I suggest that 
effect of this extra passage is to provide conditions where 
only the stronger strains survive without being damaged. 
In this we have an illustration of a law applicable to all or- 
ganisms including man that, for the production of strength 
and vigour, an environment should not be too favourable, i.e., 
it should not permit the survival of the weakest strains. This 
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is a law which we may very well commend to the notice of 
politicians and statesmen in these days of solicitude for our 
weaker brethren. 

As previously mentioned my next subject is Bacteriophage 
— the agent, whatever it be, that causes transmissible lysis 
in bacteria. Its importance is obvious, for the phenomena 
hold out to us the possibility of controlling bacterial diseases 
by the employment of bacteriophage. Our advance in know- 
ledge here is still rather puzzling. Firstly we do not know 
•exactly what bacteriophage is though it seems very likely to 
be a virus attacking bacteria as d'Herelle first imagined, and 
secondly its ' phenomena are profoundly altering what we 
thought we know about bacteriology. So rapid and bewildering 
are the changes that I hesitate to mention this subject, but 
it will be of interest to recapitulate the main facts known 
about bacteriophage taking as our example cholera bacterio- 
phage which has been the most studied — may say here, that 
in India great advances in our knowledge have been made, 
both by the work of the Indian Research Fund Association 
Bacteriophage Enquiry under Dr. Asheshov at Patna, and 
by the work of several others in laboratories in India. 

(1) Cholera Bacteriophage appears to act as a living in- 
fective agent of cholera vibrios in that it multiplies, breeds 
true to type, varies in virulence and can be separated by 
filtration from its host, live for a time and again be made to 
contaminate a culture and show its ordinary action. A 
possible objection to this is that a bacteriophage never is 
separated from its host and that we are dealing with 
phenomena associated only with the bacteria themselves and 
with their capacity to undergo either autolysis or to pass into 
a filterable and still living state. 

(2) Cholera Bacteriophage exists in at least three types, 
a quicker acting A type and slower acting B and C types. 
The importance of the existence of these types lies not in 
their separate existence and action, but in the fact that a 
strain of vibrios lysed by one type will later grow secondary 
cultures resistant to that type but lysable by the others. So 
all these types are necessary to ensure permanent * lysis of 
a culture. 

(3) As regards virulence not only do strains of bacterio- 
phage vary in virulence but strains of cholera vibrios vary 
greatly in susceptibility to the action of phage. Bacteriophage 
tends to lose its virulence under laboratory conditions unless 
supplied from time to time with susceptible vibrios. 

(4) Bacteriophage does not appear to develop in uncon- 
taminated cultures. It appears to arise in nature, and I think 
I am correct in saying that it is more readily isolated in the 
course or towards the end of epidemics than at the beg innin g. 
Its not arising de novo in cultures rather goes against the 



388 Seotion YII, Medical and Veterinary Research. (6> 

autolytic enzyme theory, but it is still not clear whether bac- 
teriophage is a true living agent in which each specimen has 
arisen from a previously existing one. If we suppose that 
it is such an agent, then we must suppose that at times it 
loses its virulence and lives more or less symbiotically with 
or rather on the cholera vibrio as a sort of harmless com- 
mensal, for only in that way can we imagine that such a viruS' 
would live in the intervals between cholera epidemics. Ee- 
cently Dr. Asheshov has produced evidence that bacteriophage 
living in this symbiotic way with cholera vibrios is actually 
found in nature. He reports that he cannot separate such 
quiescent bacteriophage from the vibrios until he acts on 
these vibrios by a laboratory bacteriophage of another type, 
after which the first pre-existing bacteriophage is set free 
and it can be made virulent by being allowed to act on sus- 
ceptible strains. 

(5) Cholera Bacteriophage has been tried in the treat- 
ment of cholera but with varying success. The Infectious 
Diseases Hospital, Madras, at our request treated alternate 
unselected cases with phage— the number of cases is rather 
small, only 17 on each side, but the mortality on the phage 
side was much less— just a little more than half that of those 
not so treated, Dour cases died as compared with eight of 
the untreated. Other reported results have not been so good 
so the matter is still unsettled. What is wanted is a trial 
in a large number of alternate cases of a potent poly virulent 
bacteriophage, for we should not expect success except from 
the use of such a phage. Bacteriophage is also being used 
to prevent the spread of epidemics by using it at large melas 
and similar gathering where cholera epidemics start and 
by using it as soon as cholera is reported. Though the facts 
are very suggestive of success they are not yet conclusive, 
so this use of phage too must be considered as being still in 
the experimental stage. 

(6) finally we have the light shed on the diagnosis of 
cholera vibrios. It has long been accepted by most bacterio- 
logists that non-agglutinating vibrios that are from time to 
time found in water are not true cholera vibrios but are 
harmless free living vibrios. This is now very doubtful, fox 
we know that the agglutinating properties of vibrios are very 
much changed by the action of phage. Some workers say 
that they have changed agglutining vibrios into non-aggluti- 
nating and vice versa. Here too finality has not been reached 
and we must suspend our judgment * until more work has 
been done^ before we can decide that all non-agglutinating 
water vibrios are changed cholera vibrios. It is certainly a 
fact that some non-agglutining vibrios are cholera vibrios. 

My fourth^ subject is the importance of the species factor 
in the transmission of disease by intermediate hosts and I 
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shall exemplify this by the conclusions drawn by Dr. Pandit 
and myself on a recent rat flea survey of the Madras Presi- 
dency done under the Indian Eesearch Pund Association. I 
was not going to mention this work as it was published six 
months ago, but since coming to Bangalore I have realised 
how great the interest is taken locally in plague at the present 
time when rat falls have been reported, so I sent to Madras 
for a few slides which I will show you to let you see why we 
concluded from our survey that the species X. cheopis was 
far and away the most effective carrier of plague in South 
India thus upholding the correctness of Dr. Hirst’s views so 
far as South India is concerned. 

(Here several lantern slides were shown illustrating the association 
of plague with the infestation of rats with X. cheopis.) 

In the main chart we see that despite the absence of 
complete data, there appears to be a very definite association 
between cheopis prevalence and the occurrence of severity of 
plague. This is particularly apparent in some of the west 
to east or south-east lines from the main plateau to the coast. 

(1) The North Mysore — ^Pennaru Eiver Line — ^Harpa- 
nahalli, Hospet, BeUary, Guntakkal, Proddatur, Cuddapah, 
and Nellore. 

(2) A central rather irregular line — ^Hosur, MadanapaUi, 
Tirupattur, Ghittoor, Vellore, Tirupathi, and Madras. It is 
to be noted that the specific indices for the first two places 
are much higher than for the others. 

(3) The Oauvery Eiver Line — ^Coimbatore, Salem, Trichi- 
nopoly, Tanjore, and Negapatam. 

(4) A Southern Line — ^the Kumbum Valley, Dindigul, 
Madura, Tinnevelly, and Tuticorin. 

Note how the places at the head of the lines are either 
on or close to the main plateau, the region of cheopis abun- 
dance, and how the ends of the lines, where plague is practi- 
cally absent, are in the cheopis-free region of the Central and 
South-East Coast plains; similarly the hill station group of 
Ootacamund, Yercaud, and Tirumalai with plague practically 
absent in the last two. The West Coast Line — ^Mangalore, 
Calicut, and Cochin shows cheopis and plague in the first 
two but not in Cochin which is free from cheopis. There are 
two exceptions to the general rule as can be seen both from 
the map and from the table. The first is on the Central 
Line — ^Madanapalli which has had less infection than one 
would have expected. It is not on a railway and is quite out 
of the line of ordinaiy trade traffic. So the comparative ab- 
sence of importation of infection is the explanation of its 
relative freedom. This is probably also partly the explana- 
tion why, as our second exception, in the northern half of 
the East Coast plain, Vizagapatam and Berhampore have 
had little or no plague-, despite high cheopis infestation. A 
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further possibility is that, whereas the climatic conditions 
here are suitable for cheopis, they are not suitable for the 
•other factors in plague transmission. 

What we have to remember, before associating, the 
association of cheopis prevalence with plague, is that possibly 
the demonstrated association of plague with cheopis pre- 
valence may be entirely spurious. For it may be, that both 
plague and cheopis prevalence are directly correlated with 
climate, and so may appear to be correlated with each other, 
•despite the possible absence of any connecting causative fac- 
tors. Against this there stands out the salient fact that 
the places mentioned previously which are free from cheopis 
and where the climate is eminently suitable for plague have 
had either no plague, or when it did appear, suffered very little. 

Cochin, a port on the West Coast which is exposed to in- 
fection from other West Coast ports and from the hinterland 
and which has a climate similar to Mangalore, Calicut, and 
Colombo which all have plague, has had no plague at all in 
the British area and only 14 cases in an epidemic in Matta- 
eherry which adjoins it. 

Bellary Cantonment on the main plateau with only astia 
has had only seven cases of plague in the last 16 years. It 
adjoins the town of Bellary where both cheopis and plague 
abound. Being a Cantonment, its sanitation is of course better 
than that of the town, but this alone will not account for the 
vast difference. 

Tercaud, a hill station in the Shevaroy Hills, 4,500 feet 
high and so with a climate favourable for plague, is only 11 
miles from the endemic plague centre of Salem through which 
nearly all its traffic passes, despite which it has had only two 
small epidemics of plague with 17 deaths — it has no cheopis, 
only astia and braziliensis. 

Tirumalai, 2,800 feet with a climate suitable for cheopis, 
is exposed to infection because it is visited by many pilgrims. 
It has had no plague. Only astia were found. 

Therefore we conclude that the association between cheopis 
prevalence and plague is probably not wholly due to their 
both being correlated with climate. Before leaving this map, 
note how the areas both of greatest plague and of greatest 
cheopis prevalence cluster round the Mysore plateau. This 
is associated not only with cheopis prevalence in this region, 
but also with frequent importations of infection from Mysore 
State where plague is practically endemic. Other areas from 
which plague is imported are the Bombay Deccan, the Nizam's 
dominions, and from the more heavily infected districts of 
the Presidency itself. The influence of both these factors 
is well shown by the map giving the years in which plague 
mortality in districts first exceeded 1 per 100,000 of popu- 
lation (2). 
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From Bombay in 1896, through the southern parts of 
the Bombay Presidency and Nizam’s dominions in 1897 plague 
reached the Madras Presidency in 1898 with severe epidemics 
in some districts. Districts so infected in the first 5 years, 
1898-1907, are cross hatched. They are seen to cluster round 
Mysore. Districts seriously infected in the next 10 years are 
single hatched, and those similarly infected in the next 17 
jears are dotted. Districts practically free from plague, i.e., 
^ith a mortality less than 1 in 100,000 in any year, are left 
blank. In interpreting the map two points must be remem- 
bered. First, that these are figures for districts whereas our 
•own survey figures are for towns and adjacent villages. 
Second, that the map does not represent the time of the first 
infection, but only of the first epidemic yielding a mortality 
•exceeding one death per 100,000 for the district. Thus in the 
first year 1898, plague was imported' into 96 different places 
in 11 districts, but established itself in only 20 centres in 5 
districts — Bellary, etc. This emphasizes that earliness of 
infection on the map shows not only early infection, but also 
the existence of conditions suitable for epidemics. It is very 
•evident that the map shows a general correspondence between 
the proportion of cheopis previously described in the surveyed 
towns of a district and the earliness of serious epidemics in 
the district. 

The Chart giving the district mortality curves per 100,000 
per year shows that Bellary District is the most afiected by 
plague, and that next come Coimbatore and Salem districts. 
The heavy intensity in the first two areas is probably associated 
with the cotton trade and the facilities it gives to the import 
•of fleas. These figures for districts remind us that we need 
more information on rural conditions. 

In several places where cheopis was absent and astia 
•or astia and braziliensis abundant, plague has either not 
occurred at all or has caused only a few mild epidemics. 
AU places surveyed in which astia was by far the predominant 
flea and in which there has been some plague, however little, 
are noted in a table. It is very evident that in all these 
places not only have the epidemics been very few, and very 
•small, but what is far more important they have not carried 
•over from one season to another. The evidence is so definite 
that there is no need to labour the point, that, places where 
practically only astia exists, are not likely to get severe and 
recurrent epidemics. It may again be objected, that this 
is not because the fleas are practically only astia, but because 
the climatic conditions are not favourable to plague transmis- 
sion. But this is not the case for the climate during the 
North-East Monsoon and during the cold weather is quite 
suitable. 
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The evidence that the association of plague with cheopis 
is not wholly due to a common association with climate is 
very much strengthened if we consider the cool weather 
climates of the typical astia zone in the South-East plain. 
Here, after the onset of the North-East Monsoon in October, 
for the next 4 months we have a climate eminently suitable 
for plague propagation, but it does not occur, despite flea 
indices that are quite high enough for plague epidemics did 
they refer to cheopis, e.g., Madras residences gave an astia 
index of 5*8 in the cold weather. When it is borne in mind 
that in these places the rats are highly susceptible to plague, 
far more so than in cheopis areas, and when further it is 
remembered that many of these places are important trade 
centres receiving plague infection both from outside ports 
and ‘from the western hinterland, then we think that the 
evidence is good enough to allow us to conclude that in South 
India the flea species factor is of the first importance in the 
spread of plague under natural conditions, and that X. cheopis 
is undoubtedly the chief vector, far more efficient than the 
common indigenous flea, X. astia, and possibly more efficient 
than X. braziliensis, the plateau flea, but there is not enough 
evidence for this second comparison. Webster and Goyle 
have clearly shown in their important e.xperiments that astia 
freely conveys plague. But we must remember that the 
transmission of plague in laboratory experiments is apt to 
be deceptive as to the part played by each species in nature, 
unless care be taken to imitate natural conditions as far as 
possible, with due regard to the general environment, facility 
of contact of fleas with rats, and the flea density. As 
regards this last point, we understand that Webster in his 
recent work at Bombay concludes that astia needs a higher 
index to convey plague than does cheopis. 

So far as South India is concerned our survey confirms 
the theory of Hirst which was supported by Gragg that plague 
in India is mainly caused by cheopis. 

We are so struck both with the far greater efficiency of 
cheopis as a vector in nature and with the evidence that the 
species is of comparatively recent introduction, that we sug- 
gest that the explanation of the recent history of plague in 
India from 1896 onwards and why this is different from 
previously recorded epidemics which rapidly died out, is that 
whereas previous epidemics occurred in the absence of cheopis, 
the 1896 infection occurred when cheopis was fairly wide- 
spread throughout India as a whole. We suggest that the 
dissemination of cheopis occurred after the extension of human 
intercourse and trade (particularly the cotton trade) with 
Egypt following the opening of the Suez Canal in 1869. 

My fifth subject is advances in the mechanisms of 
Besearch. 



( 11 ) 


Presidential Address, 


39a 


(1) Mathematics. — Nowadays research workers have often 
to get the help of a statistician and most commonly for tests 
for the significance of results. Thus a vaccine is tried in 20 
rabbits with another 20 as a control, in the treated 8 die, 
in the untreated 12 die. Are these chance results or are 
they, as we say, significant of benefit having been secured 
by the vaccine? This problem is of fundamental import- 
ance in research and I have recently completed a paper 
showing that present methods adopting as they do only one 
hypothesis — usually that of homogeneity, and calculating a 
certain summed chance, are not consistent in their measure- 
ment of significance in different problems. I am suggesting 
a new method based on calculating the average chances of 
getting the given results on the only two possible hypotheses, 
those of homogeneity and heterogeneity, and taking the ratio 
of their chances as a measure of the significance of the results. 
With the mathematical details of this I shall not worry you. 

(2) In physical metho(is we have many advances to 
record. Micro-photography by ultra-violet light has shown 
us bodies that are too small to be visible by ordinary light. 
Micro-kinematic photography has rendered visible for us the 
actual movements and steps in the reproduction of cells and 
tissues. The cataphoresis of cells and bacteria and probably 
too of virus gives us a new mechanism of research that is of 
great importance. 

(3) To chemists we have long been indebted and the 
debt is being increased by much work of which I shall mention 
only two instances. First, the investigation of the chemical 
structure of vitamins. I understand that vitamins A and D 
have been isolated as pure chemical substances. Second, the 
analysis of blood serum in health or disease. Some work 
in this direction by Lt.-Col. Lloyd at Calcutta for the Indian 
Research Fund Association is of particular interest. He has- 
shown that while the successful treatment of Kala-azar with 
Antimony is associated with a sudden drop in the pseudoglo- 
bulin content of the blood serum, the treatment of syphilis 
by specific drugs is associated with a much smaller similar 
change. Accordingly he suggests a search be made for drugs 
that in syphilis will cause a much larger drop in the pseudo- 
globulin content, for such will almost certainly be associated 
with greater success in treatment. He also concludes that 
whether the serum of a syphilitic will react positively or nega- 
tively to a Wassermann test depends on the quantitative 
relation between the total globulin and the albumin, i.e., on 
the protein ratio. In the first place when the albumin is 
reduced the Wassermann is positive. When in the second 
place the albumin rises to its normal excess over the globulin 
its protective action is rearrested and the Wassermann be- 
comes negative. 
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My last subject is the special needs of India with regard 
to medical matters. Here I may cause some heart burning, 
but it is not those who love India least who are the most out- 
spoken on the existence of evils, so I will say what I think. 
These are days of democracy, of health organisations, etc. 
In the attempt to educate and enlist the support of the 
public we have health and baby weeks which I notice tend 
more to become baby weeks rather than health weeks. Much 
attention is invited to the proper feeding, washing, and rearing 
of babies while the more important subject of sanitation is 
comparatively neglected. More important I say, for defec- 
tive sanitation both in the disposal of excreta and in the pro- 
duction of conditions favouring insect or other carriers of 
disease produces ill health and death in man and woman of 
all ages including the prime of life. It is the death at this 
stage of mothers and fathers that is so distressing not only 
emotionally but also economically. In comparison, the death 
of many babies is of no importance — indeed in a crowded 
country like India it might even be considered a relief until 
birth control became better known. So let us put first things 
first and begin with the A, B, C of Health which is Sanita- 
tion. A glance at the chart from the last Annual Eeport of 
the Sanitary Commissioner for India shows you at first sight 
the number of cholera deaths per year in the last 50 years 
which as you see are sometimes f million a year. On second 
thoughts however the chart will show you something more, 
for the prevalence of cholera is a good index of the sanitary 
condition of a country and so of the number of the many other 
diseases — dysenteries, diarrhoeas, typhoids, worm diseases, 
etc. — that are caused by defective sanitation in the narrow 
sense of referring to the disposal of excreta. So far as these 
diseases go you can multiply the average cholera ratio by 
some factor such as 4 or 5 or more if you wish to estimate 
the death rate largely due to defective sanitation. Defective 
sanitation as regards insect vectors plays a tremendous part, 
for half the total mortality is due to ' fevers ’ so called of 
which many are insect borne — ^here malaria plays the greatest 
part. Accordingly, to my mind what India needs most is 
the improvement of general sanitation particularly in rural 
areas. Praiseworthy efforts in this direction are being made 
in Madura district by the construction of bore-hole latrines. 
While research is needed in many ways, particularly that the 
measures suggested may be within the means of the people, 
propaganda is also needed that the conscience of the people 
be aroused to cut aside all habits and prejudices that hinder 
India becoming the healthy and happy country we should 
all like to see it. 



Section of Medical and Yeterinai^ Research, 

Abstracts. 


1. A suitable formula of Einger’s solution for perfusion 

work on the hearts of Indian frogs. 

S. A. Eahman and E. N. Abhyankar, Hyderabad, 
Deccan. 

In his work on ‘ The Action of Erythrophloeine on the Heart \ 
Hardikar found Ringer’s solution unsuitable for perfusion work on the 
heart of the Indian frog, R. tigrana, whereas he found the same solution 
to be quite satisfactory in Edinburgh where he used R. temporaria. 

In order to find out a solution, free from blood, which would be suit- 
able for perfusion work on the hearts of Indian frogs, we tried different 
formula. We found the formula recommended by Bayliss for frog’s heart 
in general to be quite suitable for Indian frogs also, the heart continuing 
to beat regularly for many hours. 

2. Environment as a factor modifying the manifestations, 
and treatment of syphilis in South India. 

D. V. Subba Eedby, Vizagapatam. 

I. Heat as a modifying influence on syphilis, 

(a) Animal experiments of Weinhboldt and Jahnel of Schamberg, 

and Rule, of Beosemans and co-workers, cited to show that 
heat therapy has a marked curative influence on experimental 
syphilis. 

(b) Clinical investigation of Stokes of Muhlens, of Mahrtens and: 

Puuppirt are referred to bring out the good results of pyreto- 
* therapy. Effects of hot air and hot water- baths on eleva- 
tion of skin temperatures on immunity reactions and on cen- 
tral nervous system are discussed mentioning the ranges of 
temperature tolerated by the body. 

(c) Clinical observations on the smaller incidence of Neurosyphilis 

in tropics. 

(d) Note on the high temperatures of the atmosphere in shade (with 

data and tables) in South India with possible influence of these 
temperatures on the skin temperatures, tissues, bacteria, 
immunity reactions and chemotheraj^utic agents. 

(e) Direct exposure to sun— Life and habits of peoples facilitating 

sun baths. Sun Thermometer readings. Heating up of 
human body to various depths by infra-red and luminous 
rays. Experiments of Carl Sonne indicating degrees of heating’ 
at different depths in the body. Author’s experiments with 
direct exposure to sun’s rays. Effect of fever therapy with 
reference to specific drugs in circulation. 

(/) Conclusion — ^Thermal environment acts as a type of heat therapy 
modifying tissue reactions and altering the natural history 
of disease. 

II. Helio-therapy as an adjuvant in the treatment of syphilis. 

(a) Animal experiments of Brown and Pearce showing the bene- 
ficent influence of sun light on syphilis. 
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(b) Clinical observations of Bussel and Bussel, of Eajka and 

Bednai, of Rollier, and of Huldsinsky. 

(c) Duration of sunshine (tables), latitude, rural character, scarcity 

of smoke nuisance give greater intensity and higher pro- 
portion of U.V. rays in snn light and sky shine. 

(d) Effect of the three kinds of rays (infra-red, luminous, actinic) 

in the sun light on human body on the micro-organisms, on 
chemotherapeutic drugs in circulation, etc. 

III. Effect of atmospheric temperatures and of natural environment 
of air and light on the activity of the skin, especially as an immunological 
organ. Effect of different drugs and their combinations like mercury, sul- 
phur, gold, arsenic, etc., modified by heat light and diet of South India. 

IV. Need for research to chalk out a scientific course of treatment to 
suit the conditions in South India. 

3. Effect of chloroform on the cholesterol content in 

pigeons. 

N. C. Datta, Bangalore. 

Different results have been obtained by different workers on the varia- 
tion of blood cholesterol under the action of chloroform and ether. In 
ether anaesthesia in man, blood cholesterol was found to increase. By re- 
peated inhalation of chloroform the serum cholesterol in rabbit was found 
to increase whereas in dog it increases for the first 2 or 3 days of narcosis 
and then goes down to an unusually low value. 

Pigeons have been subjected to chloroform inhalation for IJ to 2 
hours daily and blood cholesterol and red cell count have been determined 
once a week. Blood cholesterol increases slightly at first and then decreases 
slowly. Bed cell count also decreases gradually. No definite relation 
between blood cholesterol and red cell count has yet been observed. 

Normal cholesterol contents of blood and other organs, viz. brain, 
liver, gall bladder and heart have been determined and their significance 
discussed. 

4. A further study of the vital capacity of the luiigs in 

South Indian women. 

Eleanor D. Mason, Madras. 

Measurements of heights, weights and vital capacity of 587 new 
South Indian women subjects are shown to have no significant variation 
from the measurements on 266 wmmen recorded in an earlier paper. Erom 
the combined data regression equations are derived for vital capacity on 
height, weight and surface area and charts drawn for predicting average 
vital capacities from these three measurements. 

Analysis of three race groups, Tamils, Malay alis and Telugus, shows 
that the Malayalis have a higher vital capacity. Comparative charts are 
di*awn for the Tamil, Malayali, and American women. The average vital 
capacity for Indian women is found to be 76 per cent, of the average for 
American women of the same height as the Indian mean height. 

The significance of the vital capacity measurement in health and disease 
and the question of racial influence on vital capacity are discussed. 

5. Some maternity statistics. 

V. N. PooRNAPREGNA, K. V. Krishna Sastry, and K. B. 
Madhava, Mysore. 

This paper is mostly of statistical interest and reproduces an analysis 
of the data from parturition registers proved to be sufficient in size as to 
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be representative of conditions in hospital deliveries. The data have been 
compiled and analysed (by the first two mentioned authors) separately for 
twins (including triplet births), for stillbirths (including those described 
as born macerated) and cases which resulted in the hospital in maternal 
death. It is found that in most of the quantitative measures, and also 
in certain descriptive characters, there exist differences from similar con- 
stants for a universe of all hospital deliveries which must be considered 
statistically significant. Most of the differences are traced to the incom- 
plete nature of the term of delivery or to the conditions peculiar to twin 
and stillbirths. Particulars of identical twins and of the observed differ- 
ences in quantitative measures at birth among twins are also tabulated. 
The age (and therefore also the para) are shown to be higher among 
mothers delivering twin children and the converse is the fact in stillbirths. 
In the cases involving maternal mortality in hospital, besides these statis- 
tics certain particulars are given in regard to the interval between delivery 
and death and recorded causes of death. Pinally in an attempt to deter- 
mine whether large fluctuations, if any, could be located in mortality from 
month to month arising for instance out of an infective source or pre- 
disposing common cause a suggestion is made out that any long period 
of observation is probably made up of two parts — one, period of a third 
part in length with constant risk, and another of twice this duration and 
of about four times intensity in risk varying according to the law of 
normal probability. Emphasis is laid in conclusion on the obvious fact 
that conditions in hospital deliveries are usually more ‘ complicated * than 
those in the general population. 

6. ‘ Mosquitoes and Malaria ’ — effects of variation in para- 

sitic virulence and hosts’ susceptibility. 

K. B. Madhava, Mysore. 

Waite follows {Biometrika^ Vol. YIII, 1910) Sir Eonald Eoss’s in- 
vestigatiou (Report, 1908) of the relation between the number of mos- 
quitoes in a locality and the malaria rate therein on the assumption of 
the latter’s numerical estimates of the recovery rate (one-half in three 
months), and of the infectivity of anophelines (1/192 times the number 
of persons exposed to risk). Further, following this work but from a 
general symbolic consideration of these two constants, two theorems con- 
necting the number of mosquitoes and the malaria rate with the host’s 
varying capacity to resist and the parasite’s virulence in introducing in- 
fection are brought to light : 

(i) that in order to maintain a constant morbidity rate the product of 

the ‘ units of virulence ’ in the parasite and the number of 
anophelines (what may be called the total ‘ quanta or quantity ’ 
of infection) shall remain constant ; 

(ii) that from the points of view of (a) the proportion of anophelines 

per person in maintaining the sick list constant, (h) the pro- 
portions between old cases and fresh infections, and (c) the 
course of morbidity rates in successive months, the factor of 
paiasitic virulence is of less importance than the factor of host’s 
susceptibility 

7. Incoercible vomiting during pregnancy and auto-hemo- 

therapy. 

Z. Anbeb, Pondicherry. 

In medical practice, it occurs frequently that physicians have exhausted 
unsuccessfully the whole pharmacopoeia in order to stop incoercible vomiting 
during pregnancy. 

Sometimes, he thinks even to destroy the embryo in order to relieve 
•the patient. 
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It is under these circumstances that auto-hemotherapy has given capital 
results by bringing rapid relief to the woman. ... 

The paper records observations on a woman Mrs. X having mcoercible 
vomiting during pregnancy. ... 

The technique is that of every auto-hemotherapy ; daily injection of 
10 to 20 cms. of blood in the buttock muscles for a week. 


8. Grave intoxication following a local dressing with 
opium on a two years old child. 

Captain Taleo and Damodarin, Karikal. 

This child showed a large tumefaction in the temporo-maxillary 
region. 

Arfter the ineffectual local treatnaent by the family, the help of an 
empirical physician had been called in who had advised the use of raw 
opium on the injured part; the prostrate state in which the child re- 
mained for two days moved the family to call us for consultation. 

The signs presented by the patient were as follows : conspicuous torpor,, 
pupils tightly contracted without reaction to light, injected sclerotics, lop 
of appetite; refusing even liquid food, persisting constipation, bradycardia 
SS a minute, light pulse almost imperceptible, slackened breathing — 10 a 
minute, albuminous urine. 

Treatment— After incision of the phlegmon, injections of caffeine, 
camphorated oil, spartein repeated at intervals. Purge followed by wash- 
ing away enema. 

The young patient was cured on the third day. 


9. Advantages of raehianaesthesia in the rural practice' 
of surgery. 

Captain Talec, Karikal. 

Advantages of raehianaesthesia on general ansssthesia with chloroform 
or ether in surgical operations in lower parts of the body, such as appen- 
dicitis, hernia, elephantiasis, hydrocele, amputation of lower limbs. 

Difficult and often delicate choice of the ansesthetist, syncopal 
accidents, pulmonary complications so often observed. All these troubles^ 
are avoided by raehianaesthesia. 

Personally I have done 113 rachianaesthesias without the least acci- 
dent. This method nowadays in use at Karikal goes on giving us entire- 
satisfaction. 

Technical employment. — Sub-cutaneous injections of caffeine one hour 
before the operation — lumbar puncture at chosen point and slow injection 
after mixing, of the anjesthetic solution, with 5 per cent, of stovaine, thus^ 
easily prepared : 

Stovaine — 5 grammes. 

Physiological serum — ^necessary quantity for 100 c.c. 

This solution prepared and sterilized in water-bath and preserved in 
hermetically sealed bottles. 

Doses . — In reducible hernia, hydrocele, amputations, small elephan- 
tiasis 1 c.c. of the solution, i.e. o centigrammes of stovaine is quite suffi- 
cient. 

In voluminous elephantiasis in which the searching for the testicles 
mixed up in the lardaceous flesh is sometimes painful, in voluminous 
hernia (inguino-scrotal) for which a real dissection is often required, the 
dose must be increased to 1 c.c. and a half, i.e. 7 to 8 centigrammes of 
stovaine to obtain complete analgesia and perfect abdominal relaxation. 
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10. Some new applications of ansesthesia in daily thera- 

peutics. 

H. Atibin, Pondicherry. 

Kesponsive sensibilisation of nerve centres- to the drugs action 
(chloroformisation together with serotherapy antitetanic, etc.). 

Anaesthesia of cutaneous region corresponding to visceral pain. Colic- 
hepatica, angina pectoris, pregnancy gastritis. 

Obstetrical anaesthesia. 

11. Implantation of the ureters into the bowel. 

Y. B. Green- Aemytage. 

My first implantation operation was performed in the Eden, in 1912, 
for ectopia vesicae on a girl of 12, both ureters were implanted on the 
same day and recovery was complete. In 1926, the patient returned 
pregnant and Caesarean Section was done. Inspired by the enthusiastic 
reports of Col. Eraser, in Madras, of a modified Coffey Technique, the 
author has devised a method which is within the means of every hospital 
surgeon in India, for those frequent and distressing cases of inoperable 
Vesico Vaginal Pistula and the more rare cases of Ectopia Vesicae. 

The operative technique is also offered to genito-urinary surgeons, 
who are faced with cases of cancer of the bladder or prostate. 

The accompanying illustrations make the steps of the operation easy 
to follow and I am much indebted to my house surgeon. Dr. Deb, for 
the excellent clarity of his wood block drawings — drawings which were 
done at the time of operation when I was implanting both ureters at one 
sitting. 

A series of cases is given, and in two of them it will be seen that 
despite the fact that the patients had enormous fistulae and the vagina 
only just admitted a finger, the patients were pregnant at the time of 
operation and each weathered the storm of implantation of both ureters 
at one operation. 

Despite the success of implanting both ureters at one sitting in two 
cases, the author had a serious setback when he lost two similar cases 
from uraemia. For this reason it will be seen that for a time, in sub- 
sequent cases, he implanted the second ureter a fortnight after the first, 
with a hundred per cent, success. 

Thinking over the reason for the two deaths from uraemia, he came 
to the conclusion that it must have been due to an inflammatory exudation 
in the gutter wall of the bowel, compressing the ureters. In order to- 
get over this problem he threaded into the out ends of the ureters opaque 
flute ended catheters, the proximae ends of which he passed into the 
rectum and out of the anus by employing a home made prostatic catheter, 
the nose of which was screw^ed on and removable. 

The catheters in the ureters now bore the brunt of the inflammatory 
exudation m the gutter wall, as was proved in the case No. 7, where 
despite pregnancy and post-operative pneumonia, the patient recovered, 
and there was immediate drainage of urine from both ureteric catheters. 

The author gives the bibliography of the various operations per- 
formed and the success obtained by various surgeons. 

12. On a Typhus like fever case at Pondicherry. 

Major Labernadie, Pondicherry. 

Case occurring on a 43 years old woman during an epidemic of typical 
dengue, which affected at the same time the daughter of the patient. 
Hence the interest of the differential diagnosis. 

Signs and symptoms analogous with those described by Megaw, 
Ghose, Eao, etc. 
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Nodular eruption at the beginning becoming macular and at last 
petechial. . 

No ‘ porte d ’entree ’ recognised. At home, two dogs with innumer- 
able ticks. 

Discussion and serological results. 

13. The treatment of asthma by intravenous injections of 

alcohol. 

Major Labernadie, Pondicherry. 

Everybody knows how asthma is apt to resist the most varied treat- 
ments etiological, symptomatic, prophylactic^ 

General anaesthesia with chloroform gives fairly durable results, but 
it can only be an exceptional method. 

We have tried to produce general anaesthesia with less risk by 
using the method of Miguel Garcia with alcohol, which causes a deep 
sleep, a method which is widely employed in South America in general 
surgery. 

Having to treat an asthmatic patient, we operate as follows : a slow 
intravenous injection with the solution containing : 

Alcohol at 95 per cent, extra pure: 15 c.c. 

Solution glucose in water (at 240 0/00) : 85 c.c. 

The patient slowly goes to sleep and only wakes up a quarter of an 
hour afterwards. One injection is often sufficient to stop the fit and 
prevent its return. At other times several injections every day are neces- 
sary. It is rarely necessary ; 

(a) to double or triple the dose; 

(b) to employ a solution of alcohol at 33 per cent. 

This treatment well tolerated by the patients seems to be efficacious. 
This is undoubtedly due to : 

(1) the general anaesthetic effect; 

(2) the direct effect of alcohol upon the sympathetic system of 

which it is as good a stimulant as adrenaline. 

14. Diagnosis and rational treatment of cholera. 

P. T. Patel, Bombay. 

There is no disease so grave amongst infectious diseases commonly 
prevailing in this country as cholera and at the same time it is remark- 
able how valuable lives can be saved and incidence and mortality reduced 
to 10 or 15 per cent, by proper and rational methods of diagnosis and 
treatment. As such a vast amount of controversial and conflicting literature 
has appeared on the diagnosis and treatment of cholera it is necessary to 
take stock and to present a precise statement of the existing facts based on 
the statistics and one’s personal experience. 

All cases presenting acute gastro-intestinal symptoms with collapse 
should be suspected to be cholera and immediate steps should be taken to 
arrive at a correct diagnosis. 

(i) The diagnosis of cholera is partly clinical but mainly bacterio- 
logical. Clinically it has to be distinguished from cases of food-poisoning 
and other diseases which closely simulate it. The bacteriological pro- 
cedure found most effective in our experience is briefly described. 

(ii) A brief historical review of the advances in the treatment of 
cholera; commencing with the castor oil treatment down to the present- 
day scientific methods is presented. 

(iii) The scope of bacteriophage in the treatment is discussed. In 
20 cases of our series no demonstrably potent strain of the phage could 
be isolated. 
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(iv) Statistics are given showing the effect of rational treatment ^nd 
by which we have been able to reduce the ordinary mortality of epidemic 
cholera from 40 to 50 per cent, to a low mortality of 14 per cent, this 
year. 

15. The treatment of asthma by chloroform. 

Z. ANDBi, Pondicherry. 

Specific treatment ‘ universal ’ for asthma is impossible due to the 
multiple causes of the sickness. That explains, partly, the so-called 
‘ marvellous ^ cures obtained with empiric methods and also the poor 
results obtained with classical treatments that have been tested. 

Moreover one must beware of certain new therapeutic methods which 
have been proposed during these last years and which may provoke 
dangerous reactions on the patient. 

The treatment by chloroform which is harmless gives the maximum 
success. 

The patient is given chloroform during the asthmatic attack. This 
new method has been tested with great success in the Colonial Hospital, 
Pondicherry, when other therapeutic treatment failed. 

We must mention that the technique is the one used commonly, 
25 c.c. of chloroform is given for at least half an hour to make the 
patient sleep and become insensible for as long a time as possible. 

On his waking the patient is cured of the attack. 

Moreover it is to be noticed with satisfaction that the painful 
asthmatic crisis never relapses in most of the patients treated in this 
manner. 

16. The treatment of ascites by intraperitoneal injection 

of iodide-iodine. 

Major Labernadie and Z. ANDRi, Pondicherry. 

In cases of ascites caused by hepatic cirrhosis, besides the etiologi- 
cal treatment, we operate as follows : — 

(1) evacuation through puncture of the greater part of liquid, 

allowing at least two pints to remain in the cavity. 

(2) slow injection through the needle left in its place of the fol- 

lowing solution : — 

Iodine ... ... 2 grammes. 

Potassium iodide ... 4 grammes. 

Water ... ... 100 grammes. 

(3) The puncture is closed with collodium. 

There always occurs a slight peritoneal reaction (temperature 100 to 
102 P, slight abdominal aching; transient nausea) which lessens and dis- 
appears naturally in three or four days. 

Punctures and injections must be repeated about once a week during 
two to four weeks. 

The best results are obtained in cases of cirrhotic ascites. The 
method is not advisable in the case of an ascites of a cardiac or renal 
origin. 

Hence a precise diagnosis is necessary. 

17. Infective granuloma. 

E. Mahadevan and W. Happer, Madras. 

The paper is based on our experience of 70 cases of Infective G-ranuloma 
in the last two years during which time we have attempted to determine 
the exact cause and to work out the most suitable method of treatment. 

Probably in most cases the disease is venereally acquired, but there 
is reason to believe, the condition may be acquired non- venereally also. 
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Tbe etiology is not yet established. Our attempts to find the pro- 
bable causative organism by staining the scrapings by various methods,, 
by inoculating the scrapings in various media in an effort to cultivate 
the organism, animal inoculation and inoculation into healthy indivi- 
duals have all failed. Nor have these measures helped us to confirm 
the observations of others, claiming some particular organism or other 
as the causative factor. 

Early cases are cured by urea stibamine. Late cases are resistant 
to it. Cases resistant to urea stibamine are resistant to all other drugs. 

Radium is being tried and promises some success. The fungating 
type of granuloma is lilrely to be cured by it. Four cases which showed 
improvement with radium are detailed. 

18. Infantile cirrhosis of liver. 

A. C. Sankara Iyer, Mysore. 

Geographical distribution of the disease in the Mysore State, in re- 
lation to rainfall, population and other environmental factors. 

Age of onset, duration, sex and caste incidence of this disease. 

Some important factors in its signs and symptoms. 

Differential Diagnosis : Malaria, syphilis, rickets, kala-azar and 
typhoid. 

Pathology : — 

(a) Morbid anatomy and histology. 

{b) Laboratory findings: — ^Haematological and bacteriological. 

(c) Animal experiments. 

Discussion of setiological factors. 

Some aspects of treatment of this disease. 

19. An experimental contribution to the diagnosis of 

pernicious anaemia. 

K. N, Murthi and P. J. S. Eao, Madras. 

Having been disappointed in demonstrating the toxicity of the serum 
of cases of pernicious anssmia on animals, the following phyto-pharma- 
cological experiments were carried out. 

A study of the growth of the seedlings of Vigna oaiiang in the serum 
of pernicious anaemia, secondary anaemia and normal serum, using Sack’s- 
solution as the control, has been made. We found Schonjahn’s germinating 
apparatus as the most suitable for germinating the seeds. The growth 
of the tap root is measured for three consecutive days, in all the sera 
and their co-efficients of growth representing as percentages are calculated. 
The serum of pernicious antemia is found to be distinctly toxic to the 
seedlings and suggests a profound disorder of metabolism in the patho- 
genesis of the disease. This phyto- toxic property is not shown by normal, 
sera and secondary ansemia sera; and so this test is helpful as an aid] 
in the differential diagnosis of this disease. 

The authors regard their investigations to be still in an experimental 
stage, but they hold that these investigations are helpful in the elucida- 
tion of the (1) etiologic factor, (2) as a means of differential diagnosis, and 
(3) as a means of finding the effect of various forms of treatment as ultra- 
violet radiations, and other organic and inorganic sensitizers (illustrated 
with photographs). The tabular statements are appended. 

20. Intercurrent infection in sprue. 

G. E. Malcomson and K. N. Murthi, Madras. 

Four cases of B, ^ faecalis alkaligenes were found during the past 
SIX months as a complication to sprue. There was apparently no connec- 
tion between the cases. They occurred in three different wards at different 
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iiiines. All the cases have been observed at the General Hospital, Madras, 
and were diagnosed to be sprue. They came to the hospital with. ‘ relapsing 
sprue ’ with aggravated symptoms and fever. In the above group of cases 
typhoid and para-typhoid fevers, B. coli septicaemias were absent as 
•complicating sprue. 

The increased virulence of this comparatively mild disease as a com- 
plication in sprue was a most striking factor. Two of the four cases 
went down-hill so rapidly as to almost justify the term * malignant 
sprue ’. 


21. Hypochrome anaemia. 

G. E. Malcomson and E. Viswanathan, Madras. 

(1) History . — ^This condition was first described by Watkins. Ee- 
cently Theodore Waugh reported eight cases. 

(2) Pathogenesis . — ^Perhaps here also as in pernicious anaemia we 
are dealing with a deficiency of gastric activity leading to incomplete 
formation of a chemical substance leading to dysfunction in the synthesis 
of Hb. Both of our cases had achlorhydria and negative Vanden Burgh. 
One was a female and the other a male. 

(3) Chief features. — (a) Hypochromatic character, (b) High erythro- 
cyte count, (c) Low Hb percentage, (d) Achlorhydria, {e) Besistance 
to treatment, E.B.C. count going up while Hb per cent, remains normal. 

(4) Treatment . — ^Nothing seems to be of any avail. Liver, stomach, 
iron, heterohaemic or autohaemic therapy, or marmite did not raise the 
Hb percentage. 

(5) Case reports. 

22. Liver extract in diabetic mellitus. 

M. N. Basak, Calcutta. 

For a long time liver has been considered as an unsuitable article 
of diet for diabetic patients due to its glycogenic content. But now ex- 
periments show that certain liver fractions contain some blood sugar 
reducing substances active when taken by mouth, non-toxic and with an 
effect on blood sugar similar to that obtained by insulin. These sub- 
stances are ineffective in the treatment of pernicious anaemia. 

The author has used an aqueous extract of the goat’s raw whole 
liver pulp. The number of patients tried is very few yet the results are 
amazing; the amount of the raw pulp varies from one chittak to three 
chittaks in the cases. 

In the cases usually the improvements in the clinical condition of 
the patients and reduction of the amount of the sugar in the urine have 
been used as criteria in estimating the liver effects. 

23. Bromine in detection of adulteration of mustard oil. 

B. B. Brahmachaei, Calcutta. 

Linseed oil is a fairly frequent adulterant of mustard oil. Bromine 
is a reliable test for linseed oil. The existing methods are more or less 
complicated. The paper shows the process of application of the test to 
mustard oil in a simple form and yet giving fairly accurate results. 

24. Vitamin value of tbe food fats of Bengal, a prelimi- 

nary study. 

B. B. Brahmachaei, Calcutta. 

Of the two important food fats, mustard oil and ghee, vitamin con- 
tent of the one is not known and of the other, practically so. The author 
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placed seven rats of nine weeks on casein for protein, starch for carbohy- 
drate, Drummond and Simmond’s salt mixture for salts and yeast for 
vitamin B. A pair, both 50 grammes, got butter fat for fat throughout; 
the male grew to 150 grammes in 51 days, the female to 160 grammes on 
the d4th day and produced nine young ones the next day. The remain- 
ing five were depleted of vitamin on lard for fat for 23 days ; then one 
got butter fat for fat, two, ghee and two, mustard oil. That getting 
butter fat gained 35 grammes in 21 days and recovered from xerophthal- 
mia. The rest all lost weight, the two on mustard oil and one on ghee 
died, the other on ghee lingered with marked avitamosis and. died sub- 
sequently. The fat and oil formed the entire fat of the diet and 16 
per cent, of it. This shows that mustard oil has no vitamin and that 
ghee has very little. 

25. Eood value of kesur. 

B. B. Brahmaohari and N. K. Chattbrjbe, Calcutta. 

Kesur grows wild in many parts of India. It is edible and on culti- 
vation promises large yield. On analysis, it was found equal in value in 
proximate principles to potato and particularly rich in minerals, 440 
grams, give 50 per cent, more than the average daily physiological re- 
quirement of iron, 25 per cent, of the phosphorous and 14 per cent, of 
the lime. 

26. Fenugreek and augmentation in weight. 

Z. AisrDR:^, Pondicherry. 

Fenugreek, grains of a leguminous plant, cultivated in India, is 
used in order to fatten thin and sick people. It is used by cattlebreeders 
for fattening cattle. 

The Arabs use it frequently as an aphrodisiac. It contains mineral 
phosphates, organic compounds (lecithin and phytin) and nitrogenous 
compounds. 

It must he used as powder from 2 to 3 g before meals. The period 
of treatment is from one to two months. The weight may increase from 
1*5 kg to 4 kg. 

Prom our personal experience we may conclude that fenugreek may 
be used in the following cases. 

(1) In cases of leanness. (Observation.) 

(2) For convalescents after serious illness ; whatever may he the 
nature of illness, fenugreek shortens much the period of convalescence 
and restores the former weight, strength, vigour and energy. 

(3) On thin people attacked by diabetes, it combats simultaneously 
glucosuria, leanness and lack of force and vigour. 

(4) For pregnant and thin women and for nursing women whose 
milk begins to decrease in quality and quantity, fenugreek re-establishes 
original weight and lactation. 

(5) On people who are subject to overstrain, fenugreek works by 
reinvigorating the nerve-centres wdth its phosphoric acid and its phytin. 


27. The nutritive values of Indian vegetable foodstuffs. 

Parts I— IV. 

S. P. Niyogi, N. Narayana, and B. C. Dbsai, Bombay. 

The biological values of the proteins of ten Indian pulses have been 
determined at a 10 per cent, level of intake by carrying out metabolic ex- 
periments on white rats according to the method of Mitchell. The 
values obtained are : — ^Dolichos lablab 57 per cent. ; Phaseolus acconiti- 
folius 57 per cent. ; Lens esculenta 58 per cent. ; Phaseolus mungo 60 
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per cent.; Pisum arvense 62 per cent.; Phaseolus radiatns 64 per cent.; 
Dolicheos biflorus 67 per cent.; Vigna catjang 72 per cent.; Cajamis in- 
dicus 74 per cent.; Cicer areitinum 78 per cent. 

The total globulins of the above pulses have been isolated in pure 
condition and analysed by the Van Slyke method. Arginine tyrosine, 
tryptophane, and cystine have also been" estimated by separate methods; 

28. The rationale of the treatment of pulmonary tubercu- 

losis by phrenic exairesis. 

M. Kesava Pai and K. Yasudeva Eao, Madras. 

The usual idea that phrenic evulsion benefits only basal cases is 
erroneous. The diaphragm, though it exerts its major effect on the 
lower zone of the lung, has a definite influence on the movements of the 
upper zone also. This has been proved by a careful system of mensu- 
ration used on 57 cases of phrenic evulsion, performed in advanced pulmo- 
nary tuberculosis. Of these 12 had the disease in the lower zone of 
whom 5 showed much improvement and 6 some improvement. 27 had 
the disease in the upper zone of whom 7 showed much improvement and 
10 some improvement. In 18 the whole lung was densely involved. 
Of these 8 showed much improvement and 9 benefited to some extent. 
By an analysis of the mensuration it was found that there was an 
average of 10 per cent, collapse at the base of the lung subjected to 
phrenic evulsion and of 7 per cent, in the upper zone. In the 
collateral lung there was a compensatory expansion or stretch of the 
upper zone by 5 per cent, and the lower by 2 per cent. In 23 of the 
67 cases a varying degree of sympathetic collapse was observed in the 
lower zone of the collateral lung. The cause of this collapse has yet 
to be ascertained. 42 per cent, of the basal cases, 26 per cent, of the 
apical cases and 44 per cent, with involvement of the whole lung were 
benefited greatly by phrenic evulsion. Including cases that benefited to 
some extent, the figures are 92 per cent., 63 per cent., and 94 per cent, 
in the 3 classes of cases, viz., basal, apical and total involvement res- 
pectively, 

29. A note on the treatment of pulmonary tuberculosis 

with sanocrysin in the smaller doses. 

M. Kesava Pai and K. Yasudeva Eao, Madras. 

Sanocrysin in the larger doses of 10 to 50 cgr. has given variable 
results in the hands of different clinicians. The chief disadvantages at- 
tending its use especially in hospital work are its rather prohibitive cost 
and the liability to reactions and complications necessitating stoppage of 
treatment. 

A series of 30 cases of different stages and types treated at the 
Madras Hospital with smaller doses, viz., J cgr. rising to 5 cgr. at in- 
tervals of about a week has given promising results, lessening the cost 
of each treatment more than 13 times and preventing to a considerable 
extent the occurrence of reactions and complications. 

Of the 30 cases 4 were in stage I, 7 in stage II and 19 in stage HI. 
17 were of the exudative and 13 of the proliferative type. 95% of the 
exudative and all the proliferative cases benefited by the treatment, 
compared with 53% exudative and 68% proliferative which benefited with 
the treatment in larger doses in the case of a series in 1928, 

30. On the early pathology of pulmonary tuberculosis. 

M. Kesava Pai, Madras. 

A scrutiny of 164 cases of infants and children ranging from birth 
to 15 years of age has been made at the out-patients’ department of the. 
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Eing Edward VII Memorial Tuberculosis Institute of Madras, the skia- 
grams of the chest of these children having been carefully examined and 
attempts made to correlate the appearances and lesions found in them 
with the results of physical examination, symptoms and history of the 
cases. It was found that whilst no abnormal appearances could be made 
out up to the 6th month of life, lesions varying in extent could be seen 
in the children after the 6th month. These lesions usually increased 
in number and extent with the age, 14% of children between 6 and 12 
months, 20% between 1 and 2 years, 40% between 2 and 6 years, 
57% between 5 and 10 years and 60% between 10 and 15 years showing 
definite and fairly advanced lesions. The presence of signs and symp- 
toms suggesting incipient tuberculosis, the co-existence of cervical glandu- 
lar enlargement, the presence ' of a positive Von Pirquet reaction and 
the fact that the children were mostly residents of the city of Madras 
where the infection rate is high strongly suggest that incipient pulmonary 
tuberculosis begins in early infancy and is practically always an ex- 
tension from the hilus glands. 

Bl. On the age incidence in the morbidity and mortality 
from tuberculosis in South India. 

M. Kesava Pai, 0. A, Venugopaul, Miss P. Samuel, and 
B. Jayaram, Madras. 

Morbidity figures have not usually been published on account of the 
difficulties of early diagnosis in large populations. It has been the 
custom to obtain approximate morbidity figures by multiplying the 
mortality figures by a factor, the usual one used being 10. This factor 
must vary for different age periods, as the acuteness of the lesions and 
the resistance to the disease vary at the different ages. A morbidity 
curve for different age periods has been made from the out-patients’ 
register of the Madras Tuberculosis Institute during the years 1916-1930, 
during which 70,150 patients of all ages were examined and 29,854 were 
diagnosed as suffering from active tuberculosis. The curve shows the 
peak in the 20 to 25 year period, but when corrected for age shows the 
peak in the 16 to 20 year period. The morbidity curve for Madras in 
the years 1916-1930, the mortality curve for Ozeko- Slovakia in 1910, 
that for England in 1861 and for Sweden in 1911 are all similar to each 
other having their peaks nearer to 20 years. The curve for mortality in 
England in 1912, for Australia in 1919-21, and for the United States in 
1910-13 all show the height at or after the 30th year. The curves point 
to the fact that social, hygienic and economic conditions constituting 
racial resistance were similar in the countries concerned at the periods 
of time mentioned against each. Countries like India, Ozeko- Slovakia, 
and Sweden appear to be about half a century behind England, Australia 
and the United States in their hygienic and other factors constituting 
resistance to tuberculosis. 

32. The ultimate results of artificial pneumothorax 
therapy. 

M. Kesava Pai and P. K. Gunasagaram, Madras. 

^ 584 cases in the III stage of pulmonary tuberculosis were treated with 
artificial pneumothorax at the Government Tuberculosis Hospital, Madras, 
during the 7 years 1924-1931. As most of these patients belonged to 
the lower and illiterate classes it was possible to ascertain the after 
histories of only 268 of these cases at the end of 6 years. It was found 
that 75 out of 104 patients who had 6 months or more of the treatment 
were alive at the end of 6 years, whereas 31 out of 51 who had 3 to 6 
months of the treatment were alive at the end of that period. Of 60 per- 
sons who had less than 3 months of artificial pneumothorax inflations 33 
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■were alive in 6 years and of 43 controls in whom the induction had failed 
^6 were alive in 6 years. These results though far less brilliant than 
the immediate results of artificial pneumothorax therapy compare very 
favourably with those obtained by the ordinary methods of treatment. 
In fact they appear better than the results obtained in other institutions, 
but this apparent superiority is due to the fact that in much more than 
half the number of the original cases no after histories could be traced, 
as the majority of persons seeking admission came from the ignorant 
and illiterate classes. 

33. Collapse therapy in the early stages of pulmonary 

tuberculosis. 

P. T. Patel, Bombay. 

A strong plea is made to induce collapse of the affected lung by 
artificial pneumothorax in the early cases of pulmonary tuberculosis so 
as to get control of the infection. Much time, money and worry are 
saved by such a measure for every one concerned with the patient. 

A cheap and portable apparatus with a little practice is quite suffi- 
cient to carry out the treatment in any average dispensary or hospital in 
any part of the country. All medical schools should take up this teach- 
ing and adopt measures to educate the students in the technique of 
carrying out this treatment. Also the whole medical profession should 
be made to realise the benefits of this line of treatment and should be 
-educated in the early diagnosis and treatment of pulmonary tuberculosis 
by means of post-graduate courses at large hospitals and through the 
medical press. 

34. A study of the blood picture in tuberculous patients 

in India. 

C. Frimodt-Moller and E. M. Barton, Arogyavaram 
(Madanapalle). 

A study of the routine blood differential count (Erlich) carried out 
•on patients in the Union Mission Tuberculosis Sanatorium since 1925, 
and of the sedimentation test since 1926, and of the Schilling differential 
count for the last one and a half years has raised the question of the 
relative value of these tests in pulmonary tuberculosis. The paper deals 
with : 

1. The neutrophile percentage studied with regard to prognosis. 

2. Value of the neutrophile count subdmded by the Schilling 

method studied with regard to prognosis. 

3. The relative value of these two leucocyte counts with regard 

to each other and with regard to the sedimentation test both 
in relation to prognosis and as a guide for changes in the 
treatment. 

35. Aggiutinability of different strains of B, mallei, 

E. N. Naik, Muktesar. 

Hutyra and Marek (1926) quote Ladany’s statement that different 
strains of B, mallei show differences in their aggiutinability. 

The writer submitted samples of serum from three clinical cases of 
glanders and two samples from healthy horses to the agglutination test 
against the antigens of three different strains of B. mdlei isolated in 
India from about 1910 to 1930 and has found that there was practically 
no difference in the aggiutinability of the strains. 
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36. Agglutination reaction due to mallein injections in 

horses. 

E, N. Naik, Muktesar. 

It is not uncommon to obtain a suspicious reaction with the mallein 
test in a few horses and in such instances one may wish to resort to 
some serological test, such as the complement fixation or agglutination 
test, when early confirmation is necessary. But as a sample of serum 
from a horse recently injected with mallein gives a positive agglutination 
reaction against the antigen of B. mallei the application of the agglutina- 
tion test in such horses may lead to anomalous results. With a view to 
find out whether there is any sharp demarcation in the titres of serum 
from horses infected with glanders and from those injected with mallein 
and also to ascertain the maximum period during which the serum of a 
horse injected with mallein gives a positive agglutination reaction cer- 
tain experiments have been carried out with the following results ; — 

1, It is almost impossible to differentiate by the agglutination 

test horses infected with glanders and those recently injected 

with mallein. 

2. The presence of agglutinins induced by an injection of mallein 

may be found up to about two months. 

In order to observe the reaction of the serum of horses repeatedly 
injected with mallein further studies have been made with the results : — 

1. If a healthy horse is subjected to repeated injections of mallein 

the agglutination reaction simulating that of a positive case 

of glanders is noticed a week after the first injection. 

2. Eepeated injections of mallein do not increase the titre above 

that which is obtained a week after the first injection. 

3. The presence of specific agglutinins does not persist longer 

than a fortnight after the last injection. 

37. A simplified method of rapid agglutination test for 

bacterial diseases. (With practical demonstration). 
E. N. Naik, Muktesar. 

A heavy antigen and a glass pipette drawn out into a capillary 
tube are all that is necessary to carry out the agglutination test of a 
serum by this method. Required dilution of a serum with an antigen, 
from 1 in 25 to 1 in 1500 or more, is made in a capillary tube and the 
results are read off almost instantaneously. The rather cumbersome 
technique of making dilutions of antiserum and antigen on a glass slide 
or plate as suggested by Wright (1912) or Huddlesson and Abell (1928) 
is not required. In practical utility, quickness and the ease with which 
it can be performed this method stands superior to all those suggest- 
ed by previous workers and in point of accuracy the results correspond 
with those of the slow tube method. It is therefore submitted that it 
is well suited for both busy laboratory and field workers. 

38. Agglutinability of homologous and heterologous strains 

of Brucella organisms during the course of Br, 
abortus (Bang) infection. 

E. N. Naik, Muktesar. 

A hill bull was infected with an English strain of Br. abortus Bang 
and its serum was submitted to the agglutination test against the 
antigen of the same English strain and some Indian strains of the 
same organism and also an English strain of Br, melitensis every two 
months commencing from the 16th day of infection. As a result one of 
the Indian strains failed to be agglutinated after the infection had been 
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running for about two months and it is therefore apparent that an early 
investigation should be made of all the strains of this organism, which 
are prevalent in this country, so that the results of the agglutination 
tests, to which sera from aborted cows are submitted in laboratories m 
this country may be more reliable. 

39. On the value of Wilson and Blair’s bismuth sulphite 

media in the isolation of B, typhosus from Baeces 
and sewage. 

A. D. Stewart and S. Ghoshal, Calcutta. 

Some general considerations of the media: — 

Points that should be attended to in preparation. Observations on the 
nature of colonies and the time that should elapse before these should be 
studied. Comparison of results obtained with this method with that of 
Mckonkey’s plates in the isolation of B. typhosus from stools. Experi- 
ence m its isolation from septic tanks both from raw and filtered effluent 
(before chlorination) and a comparative study of the incidence of B. 
typhosus in these. Study of B. typhosus in the activated sludge process. 
Differences in the two processes of purification. Incidence of B, typhosus 
in Calcutta sewage. Experience during monsoon and the cold weather. 
Remarks on the value of the media. 

40. Bacteriophagy and Twort’s phenomenon. 

S. V. Besai. 

The behaviour of the bacteriophage from the root nodules of the 
leguminous plants for the corresponding organisms sheds a new light on 
the controversy of these phenomena being identical. These bacteriophages 
give a modified form of Twort’s phenomena. G-ranules staining reddish 
by (3-iemsa stain as well as by Borrel’s stain have been observed. The 
dissolution of the organisms in colonies on solid media has been estab- 
lished, The dissolution of the organisms in liquid cultures and the 
plaque formation on solid media have been observed with the same 
bacteriophage, two types of plaques have been observed according to the 
type of growth of organisms and the previous history of the bacteriophage 
and it has been suggested that Twort’s phenomenon is nothing but a 
manifestation of a bacteriophage which has the property of spreading 
into the cultures of the organisms on solid media, the action of the 
bacteriophage not being inhibited by the presence of the products of 
bacterial dissolution and that an unnecessary stress has been placed on 
the formation of bacterial fragmentations and granules staining reddish 
with Giemsa. 

41. A note on the antigenic structure of secondary cultures 

obtained with the 3 types of cholera phages and a 
strain of cholera vibrio. 

C. G. Pandit ayid B. Sanjiva Eao, Guindy. 

The antigenic characters of the three types of secondary cultures 
w'ere studied. The main change was in respect of the presence of the 
somatic antigen. This was considerably diminished in the case of 
secondary A but it persisted in varying amount with secondaries B and 
C. The above gradation was noted in the case of flagellar antigen also. 
The power to provoke normal agglutinins was found to he proportional 
to the amount of somatic antigen present. The results are in accordance 
with the difference in behaviour noted with the three types of cholera 
phages. The rough variant produced independently of any phage action, 
showed more or less the same antigenic structure as was noted with 
the ‘ A ’ type of secondary culture. 
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42. Auto-proteose from urine as a therapeutic agent in 
disease, 

T. SiTHAPATHi Iyeb, Guindy. 

As found by Oriel and Barber in Allergic and anaphylactic conditions 
a protein-allied product is excreted in more than normal quantities in the 
urine. The substance thus excreted, usually called Proteose, has been 
found by experiment to possess the property of raising skin reactions 
on patients when used as a desensitising agent in the above mentioned 
conditions- The substance is a precipitate from urine obtained by treating 
urine with ether and alcohol, soluble in caustic soda solution. Dilutions 
of the solution are injected intradermally. 

The Proteose treatment was tried in cases of asthma, psoriasis, 
dermatitis and urticaria. It has been found so far to yield great benefit 
to psoriasis and urticaria and some alleviation of the acute symptoms 
in asthma and dermatitis. 
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Presidential Address. 

Anthropology in the Indli op the Future. 
Gentlemen, 

First I "wisli to thank you for the great honour you have 
done me in selecting me as President of your Section this 
year. I had naturally hoped to have the pleasure and privilege 
of addressing you in person, and it is a great disappointment 
to me that this cannot be. Work is very heavy nowadays 
and it was not possible to grant me leave to come this great 
distance to meet you. My brief address is very kindly being 
read to you. 

All eyes are turned to the future, and it is on the future 
that I wish to speak to you to-day. We do not yet know what 
the Bound Table Conference will evolve, but whatever changes 
may come, and whatever constitution may be planned, a 
great task lies before anthropologists in this vast country. 
It therefore seemed to me right and natural to attempt to 
bring to your notice this year some aspects of that task and 
some suggestions of the allies we ought to call to our aid. 
It is one which will tax all our energies. I can think of no 
science which has before it a future of such activity and use- 
fulness as anthropology. It is our almost unbelievably good 
fortune that the need for anthropologists in India comes at 
a moment when the science has reached a point of practical 
efficiency it has never before attained. To-day I want to try 
to put before you some thoughts on the wide scope of modern 
anthropology, some indications as to why India needs the 
services of the science for the solution of her problems, and 
some suggestions as to the practical ways in which that need 
can be met. 

The Oxford Dictionary defines anthropology as ‘the 
whole science of man ’. For many, many years it meant in 
practice far less than this. We began with descriptions of 
wild tribes that were little more than travellers’ tales, in 
which the curious was emphasised at the expense of the 
normal. In their own countries anthropologists were hard 
to distinguish from those persons vaguely termed ‘ anti- 
quaries ’. Much of their excavation was without method, 
and much valuable evidence has been lost for ever. Even in 
modern times anthropology has often been denied its full 
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scope. As recently as 1926 Max Schmidt in his Primitive 
Races of Mankind says ‘Ethnology is the study of the 
voluntary manifestations of human life outside^ the zones of 
Asiatic and European civilization’. He retains the term 
‘ anthropology ’ for the physical side of the science only. 
Modern scieiice has said with no uncertain voice that defini- 
tions of this kind will not do. Most people nowadays would 
use the term anthropology in a far wider sense and would 
include ethnology within it. Nor would they by any means 
confine its scope to the study of the more primitive races. 
-Glancing through the list of the most recent acquisitions to 
the library of the Eoyal Anthropological Institute I find books 
on the following subjects — sociology, folk-lore, language, 
travels, history, archaeology, religion, magic, chronology, 
descriptions of primitive races, classical studies, psychology: 
games, art, agriculture, economics, evolution, land tenure, 
morphology, technology, heredity, physiology, biology and 
palaeontology. Even this long list could be greatly extended 
by a scrutiny of the books added during the last two or three 
years. In that most useful book. Notes and Queries on 
Anthropology, published by the Eoyal Anthropological Institute 
suggestions are made regarding the aspects of the life of any 
one people which must be studied before a complete anthro- 
pological record can be obtained. In the 5th edition the 
following are among the headings — physical anthropology, 
cultural anthropology, sociology, social groups, life history of 
the individual, economic life, regulation of public life, poli- 
tical institutions, law and justice, warfare, psychology, reli- 
gion and magic, material culture, technology, personal orna- 
ments, clothing, habitations, food, stimulants and narcotics, 
utensils and weapons of every kind. 

What are we to infer from these long lists of subjects 
and headings? Firstly, surely, that there is no part of human 
life with which anthropology is not concerned, and that the 
Oxford Dictionary’s definition of it as ‘the whole science of 
man ’ is no idle boast. Secondly that it is not only a descrip- 
tive, but also an applied, science. Thirdly that we must 
give up the attempt to draw a hard and fast line between 
physical and social anthropology. True it is that on the physi- 
cal side we can study man’s body, and the effects thereon 
of his diseases, drugs, diet, medicines and so on. But these 
very things are conditioned by his environment, and the use 
he makes of his environment is conditioned by his mental and 
social life. These again react on his environment, and so on 
in an endless circle. In short we can no longer attempt to 
divide our science into water-tight compartments, and we 
can surn up its scope by saying that it is the study of the 
interaction of man and his environment. Now this study is 
no mere pleasant pastime. It is something' that matters — 
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something that matters to ourselves and all whom we try to 
guide or advise. It is an applied science. This is the chief 
point I want to try and emphasise to-dhy. 

Why exactly is anthropology an applied science? It is 
because we are not studying something static. The astrono- 
mer with his telescope and his mathematical tables is observ- 
ing something which is changing, it is true, but changing so 
slowly that the process is of little practical importance and in 
any case cannot be altered or controlled. Not so the anthropo- 
logist. Man’s environment, social and physical, is always 
changing, and with 'it man’s reactions. The task of the 
anthropologist is to study these reactions, to foresee what 
changes a particular alteration in environment is likely to 
bring about, and, armed with comprehensive knowledge, by 
his advice to the administrator, to attempt to guide changes 
and reactions to the common weal. It is an axiom that an 
applied science only comes into being in response to a demand. 
Modern anthropology has arisen as an applied science. We 
are bound to ask why. The logical answer is that modern 
changes in man’s environment have summoned it. We are 
again bound to ask the cause and nature of those changes. 
Two things above all seem to have brought them about — ^the 
war, and the recent amazing advance in mechanical knowl- 
edge. In August 1914 there began a struggle such as the 
human race had never known before. Wars there had been 
from before the beginnings of history, but they had been local. 
Never before had there been a war which left no quarter of 
the globe untouched. For the first time since man appeared 
on the earth the whole human race was in agony together, an 
agony which will leave its mark for ever. Man fought in the 
steamy forests of Africa, on the frozen tundras of Russia,. on 
the stormy seas of the Antarctic, in the grey mists of the 
north, and on the age-old battle-fields of Europe. Papua and 
Alaska felt the call. From India’s plains, from the jungle- 
clad hills of Assam, from the deserts of Arabia, from the 
Maori villages of New Zealand, from the remotest kraals of 
Africa men came to the fight. None went back as they came. 
All felt that the very foundations of life had been shaken and 
the whisper of questions was heard throughout the world. The 
very assumptions on which civilization is founded are no 
longer accepted without question. An antagonism has even 
arisen between the family and the state. Human life as we 
know it is founded on the family, but Fascism at one extreme 
and Bolshevism at the other say that the first loyalty of a 
man is to the state. Man’s environment has been changed 
by the war, but far more has his attitude towards his environ- 
ment, and hence his reactions,- A world- wide change has 
come. It is for anthropologists to study that change and if 
possible to soften its harshness and to guide its course, 
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After the war has come an advance in mechanical knowl- 
edge so swift that it takes our breath away. Certain it is that 
it has gone far beyond our civilization. Skill has outdistanced 
wisdom, and there is grave danger that man may misuse his 
own inventions. The exact relation, which must exist, 
between the upheaval of the war and this breathless mechani- 
cal advance still awaits study. That the advance has been 
made is enough for our theme to-day. Wireless encircles the 
globe, and the words of an announcer in England can be 
heard in India. Conversations across the Atlantic by wireless 
telephone are becoming common matters of routine, and tele- 
vision is bound to be perfected soon. Aeroplanes can fly at 
400 miles an hour, and seas, mountains and deserts are no 
obstacles to them. The world is far smaller and more closely 
knit than it ever was before, and any movement of importance 
leaves no part of it unaflected. 

No country has felt the change more than India. Consider 
the increase in transport. Compare the number of 'buses 
and cars on the roads with the number we saw only ten short 
years ago. They penetrate the remotest villages and the 
peasant can easily and cheaply accomplish in a day a ijourney 
which formerly he never contemplated. He can be brought 
to centres where new ideas are seething, and new ideas can 
be^ brought to him through newspapers which can now be 
printeji and transported more swiftly than ever before, and 
which more and more people can read. Thus contact with the 
world of thought and ideas can be had by all who desire it* 
More revolutionary still, it is forced on those who do not 
desire it. The shy jungle and hill tribes are being driven 
further and further back into their dwindling fastnesses. 
Skill in combating disease and transport which makes famines 
impossible have led to an increase in population which is 
absolutely terrifying. More and more land is being taken up 
as the pressure becomes greater. Hoads and railways are 
being made where there were hardly paths before. Surveyors 
and geologists seek oil and minerais in the remotest corners 
of the peninsular. Everywhere there is closer contact and, 
of necessity, the change that closer contact brings about. 

It is to meet this change that anthropologists in India 
must mobilize their forces. To that wise man Robert Louis 
Stevenson we owe the dictum ‘ change is bloodier than a 
bombardment*. By change he means uncontrolled change. 
It is most certainly true. He was living in the South Sea 
Islands and saw fine races wilting and dying under the impact 
of civilization. All over the world it is the same. There are 
the detribalised Bantus of South Africa, discontented with 
the culture they can never make their own. In America a 
mere remnant of the aborigmals remains, too feeble to contri- 
bute anything to the common good. There are many nation- 
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alities in India who will suffer unless wise councils prevail. 
In this continent are some of the highest and some of the low- 
est cultures of the world. All are now in contact with one 
another as they never were before. Human nature being what 
it is, contact means competition, and competition, unless con- 
trolled, means strife. Strife if sufficiently prolonged means 
extinction for one of the parties, and we can afford to lose no 
culture, however humble or however local. Every culture is 
the fruit of human experience in the past and has something 
to contribute to human life in the future. We may not be 
able to see now what that contribution is, but let us bew^are 
lest we find later that we need something we have allowed 
to pass beyond recall. 

Change we cannot stop. But we can guide it, and this is 
the duty of anthropologists. Our aim must be to see that, 
as far as is humanly possible, all benefit and none suffer from 
change. Thus all will be strengthened, and made readier to 
contribute their quota, be it great or small, to the good of 
India. Our first duty is to study our problem, for from know^- 
ledge alone can right action spring. Here every profession 
can aid us, provided — and this is an important proviso — ^they 
come to their task with open minds, ready to use the past but 
refusing to be bound by it. So important is it that these con- 
tributions should be made that I wish to make a few concrete 
suggestions on the aid various professions and branches of 
learning might give. The order in which I take them is 
entirely haphazard. So important is the contribution each 
can make to the knowledge of mankind that I cannot put one 
before the other. 

Law has attracted some of the most brilliant brains in 
India and lawyers can help us greatly. Let us be quite frank. 
We have lived for years under written codes upon which the 
rulings of High Courts have accumulated thickly. Many in 
their heart of hearts have long felt that the system of one 
fixed, elaborate, written law for the whole of India is break- 
ing down. Oases drag on for months or even years, and delay 
and expense themselves defeat the justice which the law was 
evolved to obtain. Deep in the coimtry is a strong feeling that 
the day of this cumbersome system is over, and that feeling 
will inevitably become vocal. Also deep down, hidden 
but not lost or forgotten, are many systems of customary 
law. In the most intimate things of life, and where religion 
is concerned, customary law still operates. The day may come 
when it will operate in ordinary dealings. There are inherent 
in it virtues which the codes cannot have. It was never im- 
posed from without, but was evolved from within ; it has been 
made and moulded to fit the environment in which it is to be 
used, and no artificial law can fit that environment half as 
well. Its importance is now fully realised and a bureau for 
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its study has been opened in Paris. I do urge that skilled 
lawyers all over India should examine the systems of custom- 
ary law obtaining near their homes and reduce them to 
writing. Thus there will gi*ow up a corpus of true indigenous 
Indian law. 

Physicians too must come to our aid. There is an im- 
mense store of accumulated knowledge in the indigenous 

medical systems of India. That knowledge must be classi- 
fied and made available for study. Besides the well-known 
systems there are hundreds of lesser known, simpler ones 
in use among primitive folk. Jungle tribes have for un- 
known ages used various herbs and benefited thereby. It is 
for physicians to study the exact effects of those herbs, 
for botanists to name them, and for chemists to ana- 
lyse them and tell us the drugs they contain. The 
physiologist, with his study of living tissues must also 

come to the aid of the physicians. The problems before 
him are of the utmost importance. Why, for instance, does 
the incidence of leprosy seem to increase with certain diets? 
Why is yaws so closely connected with the Negroid race that 
the existence of the disease in certain races has been taken 

to prove the presence of Negroid blood? Is the diet of the 

common people of any locality as well balanced as their 
means and their environment permit? 

Closely allied to the physician is the anatomist. Here 
splendid work is being done, as papers to be read this year, 
and those of former years show. But those who have labour- 
ed hardest in this field would be the first to tell you how 
much remains to be accomplished. Without the anatomist 
we can never write a full racial history, and without such a 
history our view of any race lacks background and perspec- 
tive. 

This brings us to the essential part of the historian and 
the archaeologist must play. It is hard to distinguish them. 
Year by year the historian goes further and further back, 
absorbing the work of the archaeologist, while the archseolo- 
gist in turn delves further and further into the ages before 
men knew the use of metal. Nowhere has the recent advance 
of Indian anthropology been greater than in this department. 
The wonderful culture of the Indus has been almost, if not 
quite, brought within the confines of history, and the time 
will mevitably come when it will be linked both with the past 
and the present, and our Indian history books will have to be 
rewritten once more. Work is being done too on the immense 
stone age deposits of the continent. Here yet another scientist, 
the geologist, has to be called in. He alone can tell us the 
relative ages of strata and so help us to link the ancient stone 
cultures of India with those of other countries. 

There would seem to be three main sources of 
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history, written records, the remains of the past, often 
only to be brought to light by the excavator, and 
last, but by no means least, myths and legends^ Here we 
involve the aid of the mythologist. His field is great and 
his task is an urgent one. No country has a greater wealth 
of legend than India, but we are in danger of losing it. The 
younger generation no longer listens to the tales of the old 
men, and a priceless heritage may pass away for ever. All 
myths and legends, without exception, deserve to be recorded 
with scrupulous care. They originate from that Golden Age 
when man’s memory was not yet weakened by the knowledge 
■of writing and in them are embedded real pieces of history. 
A myth does not grow from nothing in the brain of man. 
Something gives rise to it, and it is the business of the mytho- 
logist, by careful comparative study, to find out what that 
something is. Now the unintelligent recording of myths is 
dangerously easy, and I would ask my hearers to convey a 
warning to all untrained assistants in that field. There are 
two wrong ways of taking a myth. One is to adopt an attitude 
•of supercilious superiority and the other is to swaUow it 
whole. No one with any pretensions to being an anthropo- 
logist is likely to commit the first error; were that his attitude 
he would not trouble to listen to the myth at all. The other 
error is dangerously common however. This I say from my 
■own experience. Students of lower castes, working hard on 
the history of those castes, have brought to me results entirely 
vitiated by wholesale acceptance as history of obviously late 
legends. The history of lower castes is of the greatest interest 
.and importance. We know that they were in India before 
Hinduism came to the country, and to represent them in all 
seriousness as Brahmins who have fallen on hard times, so to 
speak, does not help science. What we want are the myths 
which are older than the stories of the Hindu Pantheon. It 
is from them that we may hope to glean scraps of the very 
earliest history of the caste or tribe. 

Now for a moment I want to tui'n to another science, psy- 
chology. Immense though its literature is we do not yet know 
its limits and it is still in its infancy. Psychology, like 
charity, begins at home, and it was the mind of civilized 
man which was first studied. 

More lately work has been done on the mental processes 
of those at the lower stages of culture. Nor is the waking 
mind of man alone studied. The subconscious ranges free 
during sleep and dreams and the interpretations put on them 
are a fertile and hardly touched field of study. We anthropo- 
logists cannot do without the help of psychology however cul- 
tured or however rude the race we may be studying at the 
moment. There has been neglect in the past, it cannot be 
denied. But man’s life can be said to be conditioned by the 
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interaction between his mental processes and his environment, 
and it would be fatal to neglect the first and concentrate only 
on the second. In nothing is the mentality of a I’ace so clearly 
shown as in its music, painting, sculpture and other arts. 
Here the musician and artist must help us. The musician 
who is to co-operate with the anthropologist in India has a 
difficult and highly technical task before him that he only 
can do. While the main systems of music have been studied 
there are systems among primitive tribes for which no system 
of notation even has been devised by which they can be re- 
corded. There is a real danger that some of them may be 
lost, and we can afford to lose nothing. Tribes which are 
Hinduised tend to adopt Hindu music, and where Christian 
missions have made progress European tunes are nearly al- 
"ways substituted for local ones, largely because the mission- 
aries, with the best will in the world, have not the technical 
knowledge required to record and adopt the music they find 
on their arrival. The arts of drawing, painting and sculpture 
too have been sadly neglected. There is a book by Mr. Henry 
Balfour on the evolution of decorative art. It is of the great- 
est interest but as far as I know it is the only one of its kind. 
Art is no more static than any other part of human life, and 
such things as designs change rapidly, though each genera- 
tion may think they are faithfully copying the work of the 
one before. To show how rapidly and how easy this change 
may be I want to digress for a moment in order to mention 
an experiment given by Mr. Balfour. Any of you may try 
it. Let him draw some simple design, say a snail crawling 
over a stick. Then without saying what it is meant to be, 
let him give it to some friend, who is not a professional 
artist. Let that friend copy it, and give his copy to a 
second friend, who will make and hand on a copy in turn. 
If this is done 20 times, each copy being made from a copy, 
I will guarantee that you will have a picture of something 
quite different at the end. This process of unconscious altera- 
tion is happening all round us and the results are of the great- 
est interest. One tribe in the Naga Hills is very fond of a 
handsome fienr de lys design for decorative purposes. 
Dr. Hutton and I have been able to show, by existing examples 
illustrating every stage of the process, that this design is 
derived from the ears of bos fro?italis, an animal whose head 
is portrayed in more or less conventionalised carving every- 
where throughout the area. 

Carving brings me to technology, an essential part of 
anthropology. By it I mean the science of the material arts 
and crafts of man, — ^his utensils, tools, weapons, musical 
instruments, clothing, ornaments and so on. At first sight 
this would seem to be little more than a pleasant hobby, 
leading us nowhere. This is not so. It is of supreme im- 



( 9 ) 


Presidential Address. 


419 


portance for the study of the history and migrations of 
races. The geographer must come to our aid if we are to 
get the results we require. The method is this. You take 
the distribution of, say, the sawthong for making j&re and 
plot it on a map. Then you take something else, say the 
thorn-lined fish trap, and so on. When you find that the 
plotting of four or five distinctive things covers the same 
line on the surface of the globe you know that the races in- 
habiting that line have something in common, and that your 
map shows either a line of migration or a line of communica- 
tion and distribution. For the proper study of this in India 
we want a museum on the lines of the Pitt-Eivers Museum 
in Oxford. There you do not have one case allotted to one 
'Country, but one case allotted to one thing, be it looms, cross- 
bows, fiutes, fire-making appliances or whatever you wish. 
Each specimen being fully labelled you can study both the 
evolution and distribution of any article. The results are of 
:absorbing interest. 

In questions of distribution the philologist, and with him 
the classicist, must have his say. They are specialists who 
stand rather apart from the other scientists we have asked to 
join us. Their output has been enormous and of the greatest 
importance, but there are still vast untouched fields, and I have 
a feeling that they will have to call in the psychologist to help 
them. Language is a mysterious thing, perhaps because it is 
the most essentially human thing we possess. In some respects 
it seems so static, and in others so fluid and easily adopted. 
To leave together in a room two scientists who held opposite 
views as to its value as evidence of racial affinity might lead 
to culpable homicide, though not to murder, as the killer 
would certainly be able to plead grave and sudden provocation. 

The economics and indigenous political systems of com- 
munities deserve special study by trained students, but I must 
hasten to the end of my list lest I weary you. The education- 
alist must, however, be considered for a moment, for on him 
the future of each rising generation largely depends, and his 
services are essential to our work. Quite apart from schools 
or colleges every community in India has its system of educa- 
tion in the home, where the real foundations of character are 
laid. It is common enough to hear these systems discussed 
when some trait is being criticised. Boys are perhaps said not 
to be truthful in some community because they are not taught 
the value of truth from their earliest years. But my plea is 
that good traits should be studied too. For instance in some 
races one finds a wonderfully balanced sex feeling, free alike 
from indulgence and undue repression. The root causes of 
this can only be learnt from the earliest prattle of children, 
and there is wonderful work awaiting men, and even more 
women, who will gain the confidence of various communities 
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and study in detail the upbringing of their children from the 
c facile onwards. 

I could extend almost indefinitely this list of scientists who 
can help us, but the address is already becoming over long. 
You naturally ask where there is a x^lace for the anthropologist 
himself. Has his work been divided up till there is nothing 
left? Tar from it. It is he who must collect and collate the 
results he wtints from all these branches of study. No one man 
can possibly be master of them all. With this assistance 
behind him let us see if it is possible to outline the precise 
work of the anthropologist in India in the future. It seems to 
fall into three departments, not independent, but co-operating. 
The archaeological anthropologist, calling to his aid those 
branches of science which can help him, will give us our true 
historical perspective. He will tell us what the conditions 
were in the past and aid us to link those conditions to the 
present. With him is his ally, the physical anthropologist, 
ready to study the human remains of the past and connect 
them with the races of to-day. The present life of those races 
is the study of the social anthropologist, who can make use of 
the work of a score of specialists if they will only help him. 
Intensive observation must precede the extensive and synop- 
tic. The simple must be studied before the complicated. 
That is why a sound instinct has led anthropologists all over 
the world to pay special attention to primitive races. This 
must be our rule in India too. We must study the beliefs 
and morality of the more backw^ard communities sympatheti- 
cally in terms of their own thought, and without desire of 
substitution. We must know every detail of their mode of 
life. Only so can we hope to understand them and give 
that guidance in these days of change which will tend to 
pi-eserve all that is best in each of the many races of this 
land. Nor does our work stop with the humbler races, specially 
great though our responsibilities are towards them. As w'e 
all know the great communities of India have their differ- 
ences. When we call a difference of this kind a misunder- 
standing we are using no mere figure of speech. We are 
going to the very root of the matter. In knowledge and under- 
standing, and in yet more knowledge and understanding lies 
the cure of these differences. Our science is the whole know- 
ledge of man, and to omit highly cultured races from its 
scope would be to stultify it. 

India must come into line with other countries in recog- 
nizing that anthropology is no mere pleasant hobby. There 
will, I hope, in the future be a trained anthropologist attached 
to every province and State in this land. As an example of 
what has been done elsewhere let me quote the Gold Coast, 
on which Professor John L-. Myres has recently touched in 
his presidential address to the Eoyal Anthropological Insti- 
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tute. Captain E. S. Eattray has long been official anthropo- 
logist to the colony. It is now proposed to give selected offi- 
cers, who volunteer and are enthusiasts in the science, spe- 
cial study leave. These officers will then be required to report 
on some piece of important anthropological research in their 
districts. The best will then be given further intensive train- 
ing for six months. It is not intended at present to appoint a 
successor to Captain Eattray, leaving the anthropological work 
in the hands of a number of specially trained officers. But 
Professor Myres anticipates, and he is certainly right, that a 
man will soon be required at headquarters to deal with the 
immense amount of valuable material that will be concen- 
trated there. 

It is something of this kind that we should like to see 
in India. Anthropologists are primarily advisers. It is not 
their business to submit policies to the administration. But 
once a policy has been stated by an administration it will be 
the duty of the anthropologist to say without bias what its 
effect will be, especially on humble communities who have a 
small voice, or no voice at all, in the conduct of affairs. No 
one else can perform this duty. A primitive race might pro- 
duce one or two educated men, but it is often found that such 
men are entirely out of sympathy with those they have left 
behind. 

My address has dealt entirely with the future. Anthro- 
pology, fortunately for us, is advancing and developing just 
at the time when India's needs are greatest. It is now an 
applied science embracing every part of human life. . Changes 
have come on us such as no former generation has known. 
India asks for our help and guidance in those changes and 
we must give it. And we in turn have the right to demand 
assistance from other branches of science. Our method must 
be to move from intensive study to extensive, and primitive 
races are both our best field for intensive stu(iy and most in 
need of the help that sympathetic knowledge can give. While 
the humbler races must be our first objects of study and our 
first care, our duties extend far beyond them to the highest. 
Every country is awakening to the practical value of our 
special branch of learning, and we ask the Government of 
India to use us. 

And now I must close. Tou will be eager to listen to the 
brilliant papers that are being presented to you. Once more 
I must express my regret at not being able to be present my- 
self. I hope this session will be successful in every way and 
that our added knowledge of the splendid work that is being 
done will give us encouragement for the strenuous future 
before us. 
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1. An account of the Sedentary Game Suhia. 

Hem Oh. Das-Gupta, Calcutta. 

A description of the game. 

2. Some northern seals and crests. 

J. 0. De, Colombo. 

The period under review extends from the fourth to the tenth 
century A.D. Seals may contain figures and writing. These figures 
sometimes indicate cognisances of ruling houses. On the sceptre type 
{called also the spear or standard type) of Samudragupta’s coins, e.g., 
we find the Garuda. The Garuda also figures in Gupta charters 
and the Bhitari seal of Kumaragupta. The crescent which can be 
found on some of the coins probably refers to the name of Candra- 
gupta (candra=moon). The Bird appears with outspread wings, stands 
on an altar, is represented with human arms holding a snake, or with 
a man’s face, a wig like that of an English judge on his head, and 
a snake twined round his neck. The seal of the forged Gaya grant 
of Samudragupta is probably genuine. In this, the Garuda is figured 
as a bird with outstretched wings. The Garuda may well be taken as 
the imperial crest. We may compare the Roman and Napoleonic eagles. 

The Uccakalpa seals ‘ contain in relief on a countersunk surface 
at the top, Garuda ’ ‘ with outstretched wings just as on the copper 
coins of Candragupta II ’. Maharaja Jayanatha was possibly a vassal 
of the Imperial Guptas. 

The seal of Hastin of the House of Nrpatiparivrajakas, a neigh- 
bour of the Uccakalpa rulers, was oval in shape and may have con- 
tained the inscription SrI-Maharaja-Hastinah. 

The author examined the seal of Sarwavarmman of the Maukhari 
House in the India Office. In the top portion of an oval field there is 
a bull with an umbrella decked with pennons. One man precedes the 
bull and the other follows him. Both of them have axes in their hands. 
A standard surmounted by a wheel (and pennons) and a camara are 
also carried. The bull was probably the crest of the ^aiva monarch 
in the same way as the Garuda was of the Guptas. A seal of Badda 
II of the Gurjaras contains ‘ Sri Dada ’ and ‘ a square emblem the 
character of which is not clear ’. 

The family crest of Vishnuvardhana is definitely the aulikara 
(=the sun?). The oval Maitraka seal has a recumbent bull in one 
•compartment and ‘ Sii Bhatakka ’ (or SrI-Bhatarkka) in the other. 
Two horizontal lines divide these. The seal of the first known prede- 
cessor of the Imperial Guptas is oval in shape, and contains the legend 
' Gutasya ’. 

P, M. P. Jayadityadeva of the Malayaketu House issued a copper 
plate on the top of which there is an oval projection containing ‘ a full 
blown lotus, the centre of which consists of a raised disc bearing the 
image of some animal, perhaps a boar with Sri- Jayadityadeva written 
below in raised characters ’. The seal of Vainyagupta (a distant scion 
of the Gupta House?) is soldered on to the sasana, oval in shape and 
separated by two horizontal lines in the middle. It contains ‘ a bull 
recumbent to the proper right ’ and probably the name of the Maharaja. 
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The Devapatanam Stone Inscription of Aihsnvarman and the Katmandu 
Inscription of Sivadeva of the Thakuris have on their tops reclining 
bulls. The clay seal of Maharaja Pushyena bears ‘ a rude impression 
of the sun and moon and an inscription in four lines The seal of 
the Kashtrakutas of Ankulesvar contains a figure of Siva ‘ holding two 
snakes Nettabhailja of the Bhafija family had on his seal * a lion 
in the squatting posture with the head hung down facing to the right 
The Kamavana inscription of Vatsadaman has on its top a cakra or 
wheel. The seal of Subhakaradeva of the Bhauma House contains the 
name of the ruler, and ‘ a couchant bull facing to the left Surmount- 
ing these ‘ there are a crescent and a conch ’. His banner was em- 
blazoned with a lion or lions. The legends on the circular seals attached 
to the three Paridpur Grants of Gopacandra and Dharmmaditya are 
probably identical (Varaka-mandala-vishay-adhikaranasya). There is a 
female figure in two of them, but the details probably differ. The 

emblem on the remaining one is corroded. Calukyas of the Manavyasa 
( ?) House had the Boar (‘ obtained by favour of Narayana ’) as the 
crest. The Sonpat copper seal of Harsha (of the Varddhana House) 
has ‘ a bull recumbent to the proper right and several lines of writing. 

Seals are generally oval or circular, have a religious significance 
and are used to authorise grants. Sometimes they bear emblems which 
are not family crests. 

3. Ethnic Types in Eastern India. 

H. C. Chaicladae, Calcutta. 

By a combination of the Cephalic and Nasal Indices the peoples of 
Bengal and Assam are divided into four groups — ^viz., (1) Brachycephalic 
Leptorrhine, and (2) Dolichocephalic Leptorrhine, that is, the two types 
of Homo Indo-Europaetis , brachymorphous and dolichomorphous or, Pami- 
rian and Indo-Afghan respectively, and besides, (3) Dolichocephalic Pla- 
tyrrhine (i.e., Pre-Dravidian) , and (4) brachycephalic platyrrhine (i.e., 
Mongoloid). The analysis is based upon the following measurements: 
Eisley’s measurements of the castes and tribes of Bengal; H. C. Chakla- 
dar’s measurements of the Maithil, Bhumihar and Bengal Brahmins; 
measurements of some castes of Bengal by Mr. T. Eoy-Chaudhuri of the 
Anthropology Department of the Calcutta University; measurements of 
Calcutta college students by the Students’ Welfare Department of the 
Calcutta University ; measurements of Khasis by the Anthropology Depart- 
ment of the Calcutta University; measurements of Abors by Coggin 
Brown and S. W. Kemp; Waddell’s measurements of the tribes of the 
Brahmaputra Yalley. 

4. A revision of Risley’s anthropometric data: Part II. 

Castes and Tribes of Chittagong. 

P. G. Mahalanobis, Calcutta. 

The revision of Eisley’s data Part I (Bengal Castes and Tribes) was 
presented before Indian Science Congress in 1931. In the present paper 
this work is extended to cover the Chittagong data. All individual figures 
for both measurements and indices have been scrutinized, and revised 
mean values have been constructed. It is believed that with such revision 
the data may now be used for scientific analysis. 

5. The Maha Makham or Great Sacrifice. 

L. K. Akaxthakrishna Iyer, Calcutta. 

Its origin, tradition and history. Its termination. 
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6. Ordeals. 

L. K. Ananthakeishna Iyer, Calcutta. 

The chief forms of ordeals recognised by the Hindus in ancient times. 
Their survivals during later times. Their abolition. 

7. The Chenchus. 

G. Ahmed Khan, Hyderabad (Deccan). 

Origin. — They claim to be a non-Dravidian tribe originally inhabiting 
the woods below the Ghats and belonging to one of the seven forest 
tribes. Their ancestor had seven sons and a daughter. The latter bore 
a son for Krishna. 

Habitation. — They are found in hills along the Kistna, forming the 
southern boundary of the Hyderabad State. 

Physical Features. — Their physical aspects vary from Australoid and 
Negroid to Dravidian and Aryan types. 

Houses. — Their houses, conical in shape, are built of grass thatches, 
standing on a circular bamboo matting. The entrance is protected by a 
bamboo mat door. The houses are equipped with a few earthen cooMng 
utensils and bamboo baskets for storing provision. 

Food. — They subsist on such forest produces as they could get, not- 
withstanding rigid forest regulations. Their principal article of diet is 
tamarind fruit eaten mixed with the ashes of the bark of the tamarind 
tree. Honey and fruits are also eaten. 

Dress. — The men’s dress consists of a strip of cloth passed between 
the thighs and held to the waist by a string, the ends of the cloth 
hanging both m front and back. Some have an additional piece of 
cloth, about two yards in length, on their shoulders. 

Women are likewise scantily clad. 

Language. — They speak Telugu with a peculiar intonation. 

Sub-divisions. — They have four endogamous groups (1) Telugu, 
(2) Adavi, (3) Krishna, "and (4) Bonta. 

Their exogamous groups number ten, based on totemistic and terri- 
torial considerations. 

Marriage. — ^Free courtship prevails among young people and marriage 
is invariably after the age of puberty. Polygamy and widow marriage 
permitted. 

Religion. — The Chenchus are animistic in religion and believe in the^ 
influence of evil spirits. The chief of the clan is the priest at all social 
and religious functions and rites. 

Lingam, represented by a piece of stone, placed under a tree is wor- 
shipped. 

Disposal of the Dead. — They bury their dead, each family having its 
own cemetery. Over the grave, stones are heaped. 

Contact with civilisation. — The Chenchus are by no means free from 
contact with civilised communities. Their present mode of dress, wearing 
of hair and use of razors by men for shaving beards, are evidence of 
slow process of civilisation. 

8. Observations on some oblique-shaped Indian Skulls. 

B. N. Datta, Calcutta. 

A craniometric study of twelve oblique-shaped Indian crania of the 
Calcutta Museum is made. Nine belong to male and three to female 
sexes. Martin’s method of measurement is followed. 

Eegarding the skull index eight are dolichoid, four are brachycranials. 
As regards Nasal indices three are leptorrhiniens, three are mesorrhiniens, 
and six are chamaerrhiniens. In matters of facial profile and nasal' 
profile angles all are orthognathous ; hyperorthognathie is more prevalent. 
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Amongst physical characteristics a dolichoid-Ghamaerrhinien-hyper- 
orthognathic element is dominant. 

The craniological study of these skulls shows that six contain wor- 
mian bones in sutures; eight have prodentile; one contains Inca bone; 
superciliary ridges exist in four; two skulls have highly serrated sutures. 
All skulls are oblique shaped. 

The oblique form is of two varieties — in one form, the left parietal 
bone protrudes out towards the occiput, conversely the right-side frontal 
bone of forehead bulges out; in ether form, right-parietal and occipital 
regions protrude out at the back; while left frontal-metopic bone bulges 
out in the front. 

These skull-forms cannot belong to particular racial types; neither 
these are artificially deformed nor originated by carrying loads on the 
bead. Explanation is to be sought in biological factors. An obliquely 
deformed skull is called Plagiocephalus. Its descriptions agree with the 
skulls examined here. Hence it may be said, these are plagiocephalic 
skulls. 

9. Anthi'opometry of twenty South Indian Skulls. 

A. Ananthanarayana Aiyer, Madras. 

The craniometric measurements of twenty South Indian skulls of 
known data, available in the Anatomy department, Medical College, 
Madras, are made. Appendix (1) gives in tabular form details regard- 
ing age, sex, community and district (Linguistic) of skull. 

Appendix (2) gives the tabulated measurements. 

10. Rock-cut Cave-tombs at Feroke, South Malabar. 

A. Aiyappan, Madras. 

(Communicated by Dr. F. H. Gravely.) 

Bell -shaped rock-cut tombs in laterite formations were reported from 
Malabar by Babington in 1819, but no detailed description is available 
so far. The site at Eeroke was discovered by Prof. Jouveau-Dubreuil. 

Description. — ^Hollow stupa-like, with an opening at the top and 
another down at the side, both closed by big stone-slabs. A flight of 
eteps leading from the surface level towards the lower entrance. A 
raised platform in one of the tombs. 

Finds.— Coarse earthenware, rounded four legged urns, pitchers, etc.; 
an oblong bath-tub lilie vessel with twelve legs, containing carnelian 
beads; large pyriform urns with lids, a large iron tripod, dagger, and 
several forked hooks of iron. Animal ash in one of the four-legged 
urns. Inscribed ‘ signs ’ on the pottery. 

Local ^ traditions about the tombs — l^uddhistic. 

Significance.— Not purely Aryan Agmdriyas as suggested by Prof, 
Jouveau-Dubreuil. The orientation, the urns with lids, the many legged 
tub, etc., are iin-Aryau, Cremated remains, as in South Indian dolmens, 
may show foreign influence. ^ These rock-cut tombs show a transition 
stage from the purely Megalithic culture — probably a blend of Aryan 
and non- Ary an funei'ary forms. 

11. Pigmy flakes from Singanpore cave painting site. 

P. Mitra. 

The author on his way back from the Indian Science Congress at Nag- 
pore last year visited the Singanpore cave (near Raigarh) with the rock 
paintings and collected several pigmy flakes of the late Capsian type at the 
bottom of the hill. This goes to confirm the conjectures that the paint- 

^fiich are of the same style as the cave-art of North Spain were 
probably due to late Capsian settlements in that area, in India. 
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12. Polynesian and Vedic mythology. 

P. Mite A. 

The remarkable ^ similarities in certain points between Indian and 
Polynesian mythologies such as evolutionary cosmogonies, the conception 
of the universe as an egg and the concept of a tree hanging upside 
down, etc., discussed as to their common origin or otherwise, 

13. Adzes and shouldered celts from India. 

E. C. Eay. 

(Communicated by P. Mitra.) 

A detailed study with cross sections of the adzes and shouldered 
celts and their distribution in India bringing out their remarkable Poly- 
nesian affinities and possible connections with the migrations of the 
Austric-speaking peoples. 

14. The ringstone types in the Indian Museum. 

Satkaei Mitra. 

(Communicated by P. Mitra.) 

The votive maceheads found in large numbers in the Indus valley 
are in type but massive ringstones. The Indian ringstones re-examined 
with weights and their distribution discussed. 

15. Types of pounders in India. 

P. Mitra and J. K. Nag. 

The pounders had a remarkable development in the Polynesian area 
developing grips. The simjjler conical types of pounders and begin- 
nings of a shouldered type of pounder in India would bear comparisons 
with the pounder-prototypes in Polynesia. 

16. Hammerstone types from India. 

P. Mitra and Naresh Chandra Sen. 

Hammerstones specially of the grooved type are rather rare in India. 
Their varieties and possible affinities with other types outside India. 

17. The distribution and ethnie affinities of the Brachy- 

cephalic people in the various parts of India. 

B. S. Guha, Calcutta. 

In this paper the author gives the prelimina^ results of his investi- 
gations and suggests the possible routes of migrations of the broad-headed 
people in different parts of India. 

18. Craniometry of the people of Burma. 

P. C. Basu, Calcutta. » 

(Communicated by Dr. B. S. Guha.) 

In this paper the author gives the results of his investigations on the 
Burmese crania that have been obtained from an old site in Burma and 
are at present in the collection at the Anthropological Laboratory of the 
Indian Museum, Calcutta. The results obtained in the light of these studies 
have been compared with those of Turner, Tildesley and others so as to 
find out the basic elements that have entered into the constitution of the 
people of Burma. 
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19. A note on the Coefficient of Eacial Likeness. 

E. K. Paul, Calcutta. 

(Communicated by Dr. B. S. Cuba.) 

The difficulties in the estimation of the C.E.L. on the Iwing. A 
critical review of the methods adopted by Prof. P. 0. Mahalanobis and 
Prof. Karl Pearson. 

20. On the technique of Extraction and Preservation of 

Pre-historie fragile bones. 

H. K. Bastj, Calcutta. 

(Communicated by Dr. B. S. Guha.) 

The extraction and preservation of the pre-historic bony remains is a 
very difficult task, specially in India, owing to the nature of the soil. The 
author discusses the various methods followed by scientists, and gives his 
reasons for the one he thinks to be most suitable for this country. 

21. On the sanctity of the Dhvaja or Standard in India. 

A. K. Mitra, Calcutta. 

(Communicated by Dr. B. S. Guha.) 

In this paper the author gives the result of his investigations on the 
morphology, emblems and significance of the Standard as represented in 
the ancient monuments, coins, seals and inscriptions, etc., and the ancient 
texts, chiefly the Epics. 

22. On the introduction of the Eour-horse chariot into 

India. 

B. K. Chattbrjee, Calcutta. 

(Communicated by Dr. B. S. Guha.) 

In this paper the author discusses the evidence from Indian and 
European Classical Texts as to what light they throw on the appearance 
of the four-horse chariot in India. 



Section of Psychology. 

President N. S. N. Sastby, Esq., M.A. 

Presidential Address. 

The Growth oe Psychology in India. 

Ladies and Gentlemen, 

I wish to offer my heart-felt thanks for the great honour 
you have done me by asking me to preside over the deliberations 
of the Psychology section, though I must say that I never 
expected to get this honomr so early in my life. I believe that 
it is my association with the Department of Psychology in the 
University of Mysore that has earned me this distinction rather 
than any special merit of my own work. Though I am fully 
aware of my own limitations, I venture to hope that with your 
goodwill and co-operation we may bring the session to a success- 
ful issue. My predecessors in this office have aU been men of 
eminence and experience, to neither of which distinctions can I 
lay claim. With considerable trepidation of mind have I under- 
taken the task of preparing an address. Choosing a suitable 
subject has been a very difficult task. Circumstances over which 
I had no control confirmed the inevitableness of my acceptii^ 
the Presidentship only a short time ago. Therefore you will 
pardon me for the very cursory and brief address that I will 
place before you. When I accepted the honour of presiding 
over this section, after much doubt and with a good deal erf 
diffidence, I thought that I could make use of this opportunity 
to survey briefly the growth of psychology in our country. 


Psychology is an old branch of knowledge. We can 
almost say that it is as old as humanity. Speculations in regard 
to the working of the human mind, with a view to explaining 
and predicting human behaviour, are at least as old as civihsa- 
tion. In India the beginnings of the study of Psychology are 
to be found in the Vedas, which go back to the dim days of the 
past, marking already a certain stage of Aryan civilisation and 
culture. But little is known about Vedic psychology, though a 
careful study may bring to hght a good deal about the endeav- 
ours of those people. The Upanishads that followed the Vedas, 
are a store-house of information in regard to the knowledge of 
the human mind possessed by thqpe people. So I propose to 
trace briefly the growth of Psychology from the Upanishadic 
period. 
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The Upanishads are older than Panini and date back to 
about the 7th century B.C. It is really an extraordinary thing 
that at such an early period the thinkers in India should have so 
much Psychological reflection to their credit. The conclusions 
they arrived at and the methods they employed might not al- 
ways call for admiration. But no one can ignore the efforts 
made by them to explain human behaviour. The evolution of 
experimental science was, of course, reserved for a later date. 
Yet here and there even in the Upanishads we find recourse to 
scientific methods of study.^ 

Speculations in regard to the nature of mind and its relation 
to the body, and in regard to the nature of will, attention, and 
intellect, are in great evidence in the major Upanishads. Mnd, 
we are told in one place, depends upon the alimentation for its 
formation, ‘the subtlest part of our food being transformed 
to mind.’ ^ Attention is of the nature of concentration, and the 
process of inhaling and exhaling stops when one concentrates. 
This is the Pratardana sacrifice mentioned in Kaushitaki® 
Upanishad. An interesting instance of the analysis of an emo- 
tional state is also given in the Upanishads.^ Fear is experi- 
enced by us only when the feeling of ‘ otherness gets lodgement 
in us, ’ — ^it is only from the idea of the existence of a second 
that fear proceeds. 

The supremacy of will and intellect is discussed at great 
length in some Upanishads. Chandogya Upanishad first claims 
supremacy of will, saying ‘ that everything centres in will.’ 
‘ Choosing is a function of will. ’ The whole world is filled by 
will-force.^ Yet the Upanishad tells us again that ‘ Intellect ’ 
is better than will, for, it is only the thinking man that can will. 
But mind certainly is the most supreme.® It is the source of 
|tll mental modifications. Bach experience has the characteristics 
of volition and feeling. Volition is distinguished from conation 
in that the latter alone involves the idea of action. One of the 
sources of sleep is said to be fatigue.® The Prasnopanishad 
says that sleep ® is caused by the senses becoming collected into 
the mind. Soul, it is declared, moves during sleep from its seat 
in the heart into the arteries known as the Puritat.^® Yet another 


1 Brihadaranyaka Upanishad : Adhyaya 2, Brahmana I, 15-17. 

2 Chandogya Upanishad : Prapathaka 6, Khauda 5. 

3 Kaushitaki Upanishad : Adhyaya 2, 5. Also, Chandogya Upa- 
nishad : Prapathaka 1, Khanda 3, 5. 

4 Taittiriya Upanishad : Brahmananda Valli, Anuvaka 7. Also, 
Brihadaranyaka Upanishad : Adhyaya I, Brahmana 4, 2. 

5 Chandogya Upanishad : Prapathaka 7, Khandas 1-15. 

6 Maitri Upanishad : Prapathaka 6, 30. 

7 Aitareya Upanishad : Adhyaya 3, iChanda 5. 

8 Brihadaranyaka Upanishad : Adhyaya 4, Brahmana 4, 18-19. 
s Prasna Upanishad : Prasna 4, 2. 

10 Brihadaranyaka Upanishad : Adhyaya 2, Brahmana 1, 19. 




( 3 ) 


Presidential Address. 


431 


explanation of sleep is that mind becomes merged ^ in " Prana ' 
or energy, and thus sleep is brought about. It is further held 
that in sleep alone does one come to know the real nature of 
some of the bodily functions, since sleep affords ^ a state 
when the body fimctions in the most natural mamier. 

In regard to the problem of dreams we note that the 
Upanishads maintain that an analysis of the dream experience 
is necessary if we are to have a clear notion of consciousness. 
It is sometimes held that it is not the real unconsciousness 
that is working during the dream state, but that the aspect 
of consciousness that is prominent during the dream state is 
midway between consciousness and unconsciousness. It is 
neither the one nor the other. This state is marked by the 
creative activity of the mind.® Though what one sees in 
dreams is merely the replica of waking experience, though 
dreams very often involve novel constructions. 

There seems to be evidence of psychical research even 
in the Upanishads. Brihadaranyaka instances^ the case of 
an exhortation of a spirit from the person of the daughter of 
Patanchala. Indeed, nothing is held to be impossible for 
thought. Thought-power is capable of making its® possessor 
realise everything. The knowledge that a sudden change takes 
place in the working of the heart in certain mental states seems 
to have influenced the Upanishadic seers in the theory of the 
spatial localisation of mind. The heart is said to be the seat 
of the mind. Whether by this term they meant the anatomical 
heart or the later Yogic ‘ Heart-Chakra ’ is not clear. In Yoga 
and Tantra consciousness is referred to® the brain. But 
Taittiriya Upanishad seems to beheve that the soul (Manomaya) 
moves to the brain where it meets its lord (Manasaspati- 
Brahman). Though the physiology of the teaching is so poor, 
the attempt at psychological investigations is noteworthy. 
Soul is regarded as the master of all the senses.^ Senses 
derive strength from the soul, ' even as poor relatives derive 
help from rich relatives.’® Soul is immanent in the body. 
Yet it is sometimes held that the soul is in the span’s length 
from one’s forehead to one’s chin.® This discussion resolves 
itself into giving the attribute of non-restriction to the soul. 
It can be large or small, localised in a spot or all-pervading,^^ 


1 Chandogya Upanishad : Prapathaka 6, Khanda 8, 2. 

2 Chandogya Upanishad : Prapathaka 6, Khanda 8, 1. 

3 Brihadaranyaka Upanishad : Adhyaya 4, Brahmana 3, 9-18. 
^ Brihadaranyaka Upanishad : Adhyaya 3, Brahmana 3, 1-2. 

s Chandogya Upanishad: Prapathaka 3, 4, 7. 

® The Positive Sciences of the ancient Hindus, Seal : 218-219. 

Maitri Upanishad : Prapathaka 2, 3-4. 

8 Maitri Upanishad : Prapathaka 2, 3-4. 

® Chandogya Upanishad : Prapathaka 5, Khanda 18, 1. 

10 Maitri Upanishad : Prapathaka 6, 38. 
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Soul is characterised by the fact of consciousness. Conscious- 
ness is analysed into four states. The Mandukya Upanishad, 
in addition to the well-known three states, the w^aking, the 
dreaming, and the sleeping states, introduces the^ fourth 
state, i.e. ' the Super-conscious ' or the ‘ Self-conscious ’ state. 
The soul is said to be four-footed. The four states of con- 
sciousness represent the four feet, and they are respectively 
called the Vaisvanara, the Taijasa, the Prajna and the At- 
man. 

In concluding this brief and cursory outline of Upani- 
shadic psychology, I want to mention the theory of the ' Koshas ’ 
or the sheaths. A thorough and detailed study of the theory 
may yield a knowledge of the physiological counterpart of 
sensation, known to the Upanishadic seer. The terms, ‘ anna, 
prana, manas, vijnana, and ananda ’ rightly understood, might 
probably mean functional realities localised. In later days 
Samkara taught that these sheaths possessed only ideal exist- 
ence. But whether the original expounders of the theory be- 
lieved in Samkara’s interpretation is doubtful. 

The Upanishadic endeavours served as a very fitting back- 
ground for the later growth of psychological knowledge. The 
Sreshness and vigour that is in great evidence in the Upanishads 
took hold upon the imagination of the people, and we mark a 
great advancement in philosophical speculation soon after the 
Upanishads. In fact, the seeds of some of the later systems 
are to be seen in the Upanishads. 


The Geeta (Bhagavadgeeta), which may be considered 
next, is an important contribution to the growth of philosophy. 
Though it is a part of the great epic story of the Mahabharata, 
it is replete with suggestive contributions to our knowledge 
of human nature. It recognises the elemental connection of the 
senses. But the senses themselves do not claim reality. The 
perception of an object is conveyed by the* mind (Manas) to the 
intellect (Buddhi) and then to the soul. Thus perception is 
not caused by mere contact. Mind is only a transmitting 
agent, but true knowledge is given only by reason, w'ill and emo- 
tion. Intellect which is of the nature of knowing things in detail 
{i.e. Vijnana) or in oneness and group (i.e. Jnana) is different 
from intuition which alone gives the knowledge of the Beal. 

An important teaching of the Geeta is that the way the 
power of understanding and discrimination works (i.e. Buddhi) 
depends upon past habits.^ But stimulation for action is the 
desire left by the impression of the sub-conscious, ^ just as rain 


1 Mandukya Upaiiishad : 2-7. 

^ Bhagavadgeeta : Chap. 15, 8-9. 
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stimulates the corn to grow.’ The conscious mind acts,^ 
produces impressions and judges, while the subconscious mind 
reacts and expresses itself. 

The main teachings of the Geeta are to a great extent the 
same as the accepted teachings of the Uparushads. The stress 
laid upon the ways of realisation makes one believe in the great 
sociological end which the author of the Geeta had in view. 
Probably no other work in Indian philosophy has had so much 
attention bestowed upon it, or so many interpretations brought 
to bear upon it, as the Geeta. 

The great attempt of the -orthodox teachers in proclaiming 
the supremacy of the Vedas and the ultimate reality of Brahman, 
received resistance from the Lokayata school, who claim Bri- 
haspati and his Sutras to be the beginnings of that system. It 
was a reaction from uncritical acceptance of teaching towards 
an acceptance based upon investigation, and it came as a great 
relief from ultra-idealistic views. The criterion of truth was per- 
ception, ‘ Prathyaksha ’ alone being ‘ Pramana.’ Inference 
was not a criterion of truth, and ultra-physical activity of the 
mind was very strongly contested. Thought was merely a 
function of matter. When the four elements (earth,* water, fire 
and air) combined in certain ratios, then a functional capacity 
was produced. Consciousness and intelligence are purely such 
functions. They are produced even ‘ as ^ the red colour is pro- 
duced when slaked lime, areea-nut and beetle leaves are chewed.’ 

Thus the sway of the pendulum landed the philosophers 
in a purely materialistic psychological doctrine. The Lokayata, 
which held the supremacy of sense-perception, could have yield- 
ed better fruits, could have seen better days, aye, could have 
supplied the much wanted stimulus to the growth of physio- 
logical psychology, had it not been for the fact that it never 
found favour amongst the thinking public because of its palpably 
unsound and anti-social ® ethics. Its teachings of utilitarianism 
and crude hedonism were extremely suicidal. 


Jainism can be traced to about 500 B.C. It recognises the 
duality of body and mind, upholding a theory closely resembling 
parallelism. There are five sense organs (Indriyas). On the 
physical side they are represented by ‘ substance ’ (Dravya), 
while on the psychical side they are represented by ' ideas ’ 
(Bhava).^ It is not too much to say that to Jainism goes the 


1 Bhagavadgeeta : Cliap. 13, 20. 

2 Sarvasiddhantasarasangraha — Samkara, Chap. 2-7. 

3 Cf. Yavajjlvam sukham jivet | 

rnam krtva ghrtam pib^ ll 
Bhasmthhvtasya dehasya | 
punamgaynanam kvtoh 1| 

Cf. Vaisesika. 
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credit of supplying what is perhaps the most exhaustive analysis 
of sensation given in Indian writing. Touch has been analysed 
into eight kinds, hot and cold, rough and smooth, soft and hard^ 
light and heavy. Taste has been analysed into five different 
kinds, namely, pungent, acid, bitter, sweet and astringent. 
Smell can either be good or bad. Colour has five distinctions, 
namely black, blue, yellow, white and pink. Sound has been ana- 
lysed into the seven notes of Indian music, Sa, Ei, Ga, Ma, Pa, 
Dha and Ni. A thesis of Jainism is that consciousness, which 
exists in all things, could either be expressed or latent. Con- 
sciousness (Chetana), which is the essence of soul (Jiva), mani- 
fests itself in perception (Darsana) or intelligence (Jnana). 
Perception here is of the nature of simple apprehension, while 
intelHgenoe is of the nature of conception.^ Sense-perception 
is due to contact. It is followed by feeling which is due to past 
acts. Peeling is followed by conation and knowledge. 

Knowledge is of five kinds : Mati (knowledge by means 
of senses and mind), Sruti (knowledge by acts of attention, 
understanding, association and aspects of the meaning of things), 
Avadhi (direct clairvoyant knowledge), Manahparyaya (Direct 
telepathic knowledge), and Kevala (perfect knowledge of the 
nature of intuition, comprehending all). The first three alone 
are liable to error. The last two can never be wrong Validity 
of knowledge is judged by its usefulness in showing good and 
evil. Error is committed when a thing is seen in relations in 
which it does not exist. Knowledge is of two forms, know- 
ledge of the thing in itself (Pramana) and knowledge of the thing 
in its relations (Naya). The uniting of the subject (Jiva) and 
the object (Pudgala) is always due to the desire of the soul 
(Jiva). ‘ Pudgala ’ is the physical matter which is made up of 
atoms (Ann), which form aggregates (Skandas). Every soul 
(Jiva) co-existing with material nature (Karma, which is 
paudgalika) becomes contaminated by it. This contamination 
of the soul by material nature produces human hmitations.^ 
This is the key to explain human behaviour. 

A theory of evolution on a more satisfactory basis than is 
found in some parallel instances is accepted by the Jains. There 
is nothing fresh created nor is anything destroyed. What 
happens ‘is only a fusion of elements to form fresh things. 
Different kinds of souls (Jiva) are recognised, the difference 
being based upon the number of sense-organs (Indriya) possessed. 
The lowest are those that possess only one sense-organ (Eken- 
driya) touch, and respond oiy to touch. Gradually other souls 


1 Dravyasangraha — 43. (Sacred books of the Jains.) 

2 Tattvartha Sutra — 131, pp. 42. (Sacred books of the Jains.) 

3 When Karma and Jiva come together, the eight kinds of 
Prakriti are given rise to. These kinds of Prakriti result in Karmana 
Sarira. 
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are evolved, which have two, three, four or five senses (i.e. 
touch, sight, smell, taste and hearing). The higher animals, 
man and gods, are characteristically rational, possessing the 
■sixth sense, mind^ (Manas). Consciousness, the possibility of 
which is in all souls always, comes into prominence only when 
the human stage is reached, more as a result of evolution rather 
than of any other cause. 

Whether Jainism succeeded in its efiorts at expotmding a 
rational and faultless doctrine of philosophy, which was sufficient 
to explain human behaviour in its relation to the idea of the non- 
acceptance of a creator, is still debated. But there is no doubt 
that the extreme callousness ascribed to the Lokayatas received 
the timely check that was necessary, and a much greater stress 
than usual was laid on keen introspection. The study of 
philosophical problems received a more serious and dispassionate 
encouragement at the hands of the Jains than it had received at 
the hands of the later Charavakas. 


Like the Jains, Buddhists also deny the existence of any 
intelligent first cause. Neither recognise the authority of the 
Vedas. There is no recognition of a permanent self. Nagasena^ 
maintains that the self of a man is a unified complex. Soul is the 
name given to the sum of states that constitutes our mental 
existence.^ Mind itself is a composite of mental forces, and it 
has an organised system of unity in it. Mind and body make up 
the individual, Nama and Bupa respectively. Whatever the in- 
dividual is, is due to the interaction of mind and body. Emotion 
or heart (Ohitta), consciousness (Vijnana) and mind (Manas) are 
all mental (Nama) in character. The product of the external 
world is characteristically physical (Kupa). Thus, man is a 
psycho-physical organism, the relatively stable part of which is 
the body (Rupakaya), while the unstable is the mind. Per- 
ception, conception, feeling and conation are functions of 
the mind. Perception is caused by contact (Phassa). Then 
arise feeling (Vedana), and volition (Samskara). Perception 
(Samjnana) is here also a cognition of general relations. TMs, 
when it includes feeling, is complete awareness, i.e. cognition 
in its fullest^ sense. Consciousness is of the nature of a stream, 
and the core of consciousness is a series of cognitions (Citta 


1 Panehastikayasamayasara — 118-126, 128. (Sacred books of 

the Jains). 

2 Milinda Prasna — ^ii, 1, 1, (Sacred books of the East.)^ 

3 Buddhaghosa’s Visiddhimagga, in Warren’s Buddhism in Tran- 
slations. 

4 Buddhaghosa’s Atthasalini — 145-146, in The Expositor — ^Mrs. Rhys- 
Davids and Manng Tin. 
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Santana). But, though consciousness is of the nature of suc- 
cessive stages, we always take it to be a unitary process.^ 
All the five senses (sight, touch, sound, smell and taste) do 
not come into touch with objects. Those that come into touch 
(asamapattarupa) are smell, touch and taste. The other two 
(sight and sound) do not (Sampattarupa). The former may 
all be regarded as merely modifications of touch. The exteriaal 
phenomena are caused by the impinging of the senses on the 
objects and the consequent modification of the individual and 
the objects. The doctrine of Pratityasamutpada holds that the 
object thus perceived can be either sensed, imagined, or re- 
membered. And such perception is characteristically hedonistic. 
In fact, every act has three phases ; volitional preparation, the 
act itself and the feeling that follows the act. The human- 
being is a unit of the world and his entire nature can be measured 
by a consideration of the five aggregates (skandas) that con- 
stitute his nature. But when the individual gets a true insight 
into things, the aggregates do not help us to understand him. 
Now he possesses the highly complex mode of insight (Prajna), 
the natural culmination of which is intelligence (Buddhi). 

Desire (Chando) and effort (Viriyam) are both character- 
istic of will (Samskara). Will is supreme. Every activity in 
a sense is a modification of will ; and thus every activity is pur- 
posive. This is the distinctive feature of human activities. 
But sometimes we cannot get to know the real nature of an 
activity since inhibition may cloud the nature of activity.^ 

Nagasena holds that an idea having occurred tends to occur 
again, since it is easier for it to occur again.® There is a con- 
sistent vein of associationism in the Buddhist exposition of 
psychological doctrine. Every mental act is momentary, 
but each act has a lasting effect upon the mind.^ Every act 
is related to the next in at least four different ways ; proximity 
(anantara), contiguity (samanantara), absence (n’attihi) and 
abeyance (avigata). That is why memory is possible. In 
fact memory is the causative influence contained in the present. 
Yet a number of things are not remembered. Conscious state 
is never steady. It is sometimes active and sometimes inactive 
(viddicitta and viddimula). The inactive consciousness is un- 
consciousness. Between these two phases of consciousness is 
a threshold (manodhvara). 


1 Buddhaghosa’s Atthasalini — 143-144 ; also Buddhism — Mrs. Rhys- 
Davids. 

2 Inhibition of a bad impulse is achieved in five ways : attending 
to some other good idea, realisation of the undesirable consequences, 
turning attention from the present impulse, analysing the impulse and 
thus working it out and coercing the mind to act otherwise. 

3 Buddhism in Translations — Warren, ii, 3, 7. 

Aniruddha’s compendium of Philosophy — Abhidammattha San- 

graha. 
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Thus was started one of the most important schools of 
Indian thought, whose psychology was characterised by the 
critical analytical power displayed by its early teachers. The 
nature of the doctrines suggests that an extraordinary faith was 
placed upon human experience as such, which came to be relied 
upon as a sufficient starting point for psychological speculation. 
But the original teachings of Buddha contained the seeds of 
different doctrines. So the later teachers developed, on the 
same supposed basis of the Master’s teachings, four different 
schools of thought. The Mahayana schools are the ideaHsts re- 
presented by the Yogacara^ and the Madhyamikas. The 
Hinayana schools are the realists represented by the Vaibhasikas 
and the Sautrantikas. 

The Yogacaras (Vijnanavadins) place faith upon mental 
creation. Consciousness is a concrete reality. It works either 
as perception (khyati) or interpretation (vastuprativikalpa). 
And it is consciousness which develops the world of expe- 
rience. Things are nothing more than a bundle of sensations. 
But the world of conscious states is certainly much more than 
our personal consciousness, which is only a fraction of the 
totality of consciousness (alayavijnava). There is a great deal 
which is unconscious. Our dreams, for instance, are due to the 
functioning of ideas which are generated in the region of the un- 
conscious. Ideas leave impressions, and these impressions act 
as generators of ideas, and do not depend upon external stimuli. 

The Madhyamika school^ owes much to one of India’s most 
profound thinkers, Nagarjuna, who is supposed to be a South 
Indian Brahmin convert. According to Nagarjuna the world is 
merely the product of a number of relations — it is a complexity 
of relations. The whole world of experience is nothing more 
than appearance. Everything is momentary. Stimuli are re- 
ceived from the external world and elaborated to a complexity 
with a number of attributable relations and qualities. The 
objects exist because of our senses. Sensations generate ideas 
and ideas generate sensations, both being inter-related. Percep- 
tion is similar. Hallucination is also of the same nature as per- 
ception, so far as the play of mind is concerned, but it is a differ- 
ent existence. 

To the schools of Hinayana belong the Vaibhasikas. To 
them experience, which is of the nature of knowledge produced 
by contact, is evidence enough of the truth. Experience 
consists of two parts, perception (grahana) and conception 
(adhyavasaya). Perception gives us only an indefinite pre- 
sentation, while in conception we have a definite and ideal pre- 
sentation. Our becoming aware of the external world is no 
creation in any sense; it is merely recognition or discovery. 
The five organs and their proper functions give us perception. 


1 Also called Siuiyavada. 
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which rouses the mind (citta) and excites consciousness 
(Vijnana).^ Memory is merely a characteristic of the mind, 
and hence it is a Cittadharma. 

The Vaibhasikas lay stress on the objective as well as on 
the mental world. Knowledge is a direct awareness of objects, 
and it is sufficient to give ns truth. The Sautrantikas, who form 
the second group in the Hinayana school, also believe in the 
extra-mental existence of the objective world. Only they hold 
that w^e have no direct knowledge of it. We only infer of its 
existence because we have perception. But this outside world 
is only momentary. The illusion of the permanency of objects 
is caused in our consciousness by the fact that the perceptions 
are so rapid.^ Cognition (Jnana) is the manifestation of a form 
caused by the senses.^ Self-consciousness, which is not re- 
cognised by the Vaibhasikas or the Madhyamikas, is advocated 
by the Sautrantikas. - 

There is no doubt that Buddhism played an important part 
in the growth of Indian thought. Samkara seems to be clearly 
influenced by the Madhyamikas. The bold denial of God as 
such by the Buddhists acted as an extraordinary impetus for the 
exercise of that keen analytical power which was displayed in 
later expositions of the theistic doctrines, and which sometimes 
resulted in a better recognition of psychological truths. The 
theistic (or orthodox) schools of Indian thought are the Sam- 
khya, Yoga, Nyaya (and Vaisesika), Mimamsa and the Vedanta. 


The Samkhya school is supposed to have been originated 
by Kapila, who lived a century before B^uddha. Yet it seems 
to have been anticipated in earlier feachings. Isvara-Krishna’s 
Samkhya-Karika is the most popular work of the school. 

Samkhya views the Universe as an organised whole, ever 
changing, only one phase of it being seen by the human mind at 
a time. A fact of knowledge is that the subject as well as the 
object must be affected. But the human mind possesses com- 
plete independence and freedom. Evolution (avirbhava) is 
more psychological than physical, and is an aspect of change. 
The other aspect of change is involution (tirobhava). Change 
could also be one of quality (dharmaparinama) or of form (lak- 
shana). The Universe has for its basis indeterminate nature 
(avyaktaprakriti) which has transformed itself to the present 
state. Nature is the basis of creation. Its development is 
conditioned by its possessing the three aspects or powers (gxmas). 


1 Vasubandhu — Abhidammakosa, 2. 

2 Sarvasiddhantasarasangraha — Samkara, iii, 3, 16. 

‘ Just as an arrow passes through the petals of a dower.’ 

^ Sarvadarsanasangraha, p. 36, translated by Cowell and Grough. 



( 11 ) 


Presidential Address. 


439 


the potential consciousness (Sattwa), activity (Rajas), and in- 
activity (Tamas).^ 

From the unconscious nature there evolves for each soul a 
universe. The first product of matter is intelligence (Buddhi 
or Mahat^). It is the subtle mental stuff which is capable of 
knowing pleasure and pain. Memory trends are stored in it. 
Its function is knowing and deciding, and thus it gives rise to a 
notion of self (Ahamkara). First, the soul experiences conscious- 
ness. Then the self becomes aware of the not-self and thus of 
its own individuality. It has the feeling that ' I am seeing.’ 
Then the self becomes aware of the object, which helps it to 
realise self -sense. Self -sense (Ahamkara) is midway between 
mind and intellect. Our perception and decision depend upon 
intellect. But it is due to the working of the self -sense that we 
come to realise that the impressions received are our own. 
In a sense it individualises them. All our actions depend upon 
the dominence of a ' Guna ’ on ‘ Ahamkara.’ Mind communi- 
cates the outside sensations to the self. Thus a concept is 
arrived at. The action of the principle of ^ Ahamkara ’ is to refer 
to the self the suggestion of action sent up by the mind. 
‘ Ahamkara ’ is supposed to come prior to the objective world. 
Thus a possibility of the rise of an ' Ego ’ sense even without 
the sense of a ‘ Non- Ego ’ is granted by the Samkhya. 

Ahamkara in its sattwa aspect gives rise to mind (Manas). 
Then are derived the five organs of perception (Jnanendriyas^) 
and the five organs of action (Karmendriyas). Ahamkara in 
its tamasic aspect gives rise to the five elements (Bhutadi^). 
But Ahamkara in its rajasic aspect plays part in both the other 
states. 

The function of mind (Manas) is to synthesise the senses® 
into a percept.® Mind also is an organ like the other ten. 
Besides arranging the senses, its function is to suggest alter- 
native courses of action and carry out the decision of will through 
the five organs of action. There is no difference between 
f imction and organ in the intellect, self-sense or the mind, which 
form the ‘ Anthahkaranas.’ 


1 Satkaryavada holds that aspects are more predoroinant than 
gunas. 

2 Cf. Katha Upanishad : 3-11. 

8 Cf. Yoga. There are two parallel lines of evolution starting from 
Mahat. On the one side it develops into Ahamkara, Manas and the 
five Jnana, the five Karma indriyas. On the other side it develops 
into the five tanmatras and then five gross elements. 

4 Yoga does not recognise this. 

5 Through the sense organ Buddhi comes into contact with an 
object. Then it assumes the form of that object. The power of con- 
sciousness (Cetanasakti), because of its union with Buddhi, takes the 
form of the modification of B\iddhi. It is this that is apprehended. 

® Tattvakaumudi, p. 36, 
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In perception, the senses, intellect, mind and the self-sense’ 
come into operation. Intellect, mind and self-sense act only in 
memory. Perception is not sensation. The former is active’ 
while the latter is passive. Perception can be indeterminate 
or determinate. First, there will be indeterminateness. The 
next instant mind begins to operate. By analysis (Vikalpa) 
and synthesis (Samkalpa) the definite nature of the object is 
perceived.’ The impression received by the sense-organ is 
given to the Ego by the mind and then to the intellect (Buddhi). 
Mind is both passive and active, i.e. it can receive as well as 
react. Valid knowledge (i.e. perception, inference and scrip- 
tural authority) is cognitive consciousness. Knowledge which 
is perceived by sense activity is perception. When, for in- 
stance, a jar is within the field of cognition, intellect (Buddhi) 
assumes the form of the jar. 

Recognition (Pratyabhijna) is possible because the enduring 
intellect becomes modified in perception and it retains, trends of 
such modifications. The same thing affects different people in 
different ways because different intellects contain different 
impressions. Every object cognised as a form is so because its 
modification depends upon purpose. 

Another point of interest to the Evolutionist is, that need 
is the necessary impetus for the creation of a function. Need 
precedes function. Necessity is the urge for invention. Any 
desire on our part necessitates the creation of a function. We 
want to taste fine food, and so functional capacity to taste fine 
food arises. In this way the evolution of a structure which is 
capable of sensing becomes necessary. The senses are not the 
organs of the mind, they merely observe. The fine elements 
(Tanmatras) combine to form atoms.^ It is only then that 
they act as sense stimuli. All sensations are modifications of 
sound. It is the different arrangements of atoms that gives 
rise to different stimuli which so act as to give the idea of 
different qualities. 

Intellect (Buddhi), Mind (Manas) and self-sense (Ahamkara) 
as evolutes do not suggest any historical order or generation. 
They are intended merely to suggest the psychological func- 
tioning of the individual. According to Tarkakaumudi, every 
individual first gets the stimuli from the external world with the 
help of his sense organs. Then his mind arranges and organises 
these impressions. Then this organised whole of impressions 
with its accompanying impulse to act is conveyed to his Ego 
(Ahamkara). Then his intellect comes into operation and he 
decides the course of action. 


1 Cf. Vacaspati Misra holds that any perception presupposes activity 
of the mind. Vijnanabhikshu believes that Buddhi could directly come* 
in contact with the object through the senses. 

2 Of. Chandogya Upaaishad: IV, 4. 

Taittiriya Upanishad : ii, 1. 
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But the knower of all these is the self-consciousness ■ 
(Purusha) in the individual. The concept of the Purusha is- 
akin to the concept of the Atman in the Upanishads. All the 
modifications of matter detailed above are for the sake of the 
spirit or the principle of self-consciousness in the individual.. 
The true nature of this principle is difficult to understand, since 
its working is clouded by the workings of the attributes of 
matter (i.e. Dharma, Adharma, Jnana, Ajnana, Vairagya, Avai- 
ragya, Aiswarya, Awaiswarya. But here ' Jnana ' is capable of 
showing the true nature of ^ Purusha’). ‘ Purusha ’ is a higher* 
entity than intellect or mind, which are merely means of giving 
knowledge. Consciousness is like a number of streams, not one. 
The principle of self-consciousness brings about the unity of 
such separate streams. ‘ Purusha ’ is of the nature of con- 
sciousness (Cidrupa). It is an abiding principle always present,. 
' even as an ever present witness It is present in the waking, 
sleeping and dreaming states also. It is not a form of energy. 
It is the principle illuminating the whole working of the- 
individual. 

So, in an individual’s behaviour we have the operation of 
intellect, individuality, mind and the ten organs. Self-con- 
sciousness does not directly enter into it. Thus behaviour is 
thirteen-fold. 

The seK in conjunction with the senses (Purusha and 
Ahamkara) and limited by the body is ‘ Jiva.’ Jiva is made up- 
by the gross body and the subtle body (Lingasarira). The 
‘ Linga ’ by itself is non-conscious. When matter (P^akriti) 
and spirit (Purusha) come together, the ‘ Linga ’ becomes 
conscious. Matter is blind, but proximity to spirit enlivens* 
it. 

The character of the Samkhya doctrine seems to be more 
scientific than religious. The importance attached to its 
doctrine of evolution, and the discussions about the nature of 
evolutes, seem to suggest the supreme importance laid upon 
the individual. The basis of its doctrine is not so much the 
pure consciousness as the individual, who is the unit of the 
human world. This stress laid upon the individual brings 
the doctrine nearer to the modern view that the individual is 
an organism whose self is not merely that organism, nor is 
his life merely the mechanism that keeps up the hfe process. 
The Samkhya school started with very important questions 
and very inspiring ideals. Had it been its good fortune to 
pursue its deliberations still further, it would probably have 
succeeded in giving to the ancient world one of the most com- 
plete systems of psychological thought. Its doctrine is perhaps 
unique in this respect, that it set out with the ideal of arriving 
at a comprehensive view of the Universe, keeping in view andl 
taking into account all the facts of reality. 
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The metaphysical setting of the Samkhya served as a 
fitting backgrouiKl for the Yoga doctrine. Its chief exponent 
and founder, Patanjali, accepted the Samkhya metaphysics with 
his own modifications. But the psychology of the Yoga was 
at variance with that of the Samkhya, probably because of the 
purpose in view. Let it not be understood that by this is 
implied that the seers started with a presupposed scheme of 
things. There is ample evidence to show that the search was 
started purely in a scientific spirit. 

Though Patanjali is practically the founder of the system, 
1}he doctrine profited much by the later writers like Vyasa, 
Vacaspati and Vijnanabhikshu. The system seems to have 
influenced the whole of later Indian thought in a peculiar way. 
Though the heretical Yoga is condemned and the orthodox 
praised, the former still claims some votaries. 

Yoga aims finally at the suppression of mental activities. 
It is supposed to help us to reach a higher level of consciousness 
through the transformation of psychic organism, which enables 
us to get beyond the limits of ordinary human experience. It 
is a system of developing great inhibitive powers. It is a course 
of exercises which helps us to restrain the senses and the mind. 

The relation between the body and the mind is recognised, 
and probably no other system lays so much stress upon the 
interdependence as the Hathayoga. The senses are the channels 
which carry the sensations to the Oitta. The external objects 
thus affect the Citta. It is then that perception, which is a 
means of knowledge, is caused. It is by means of the Citta 
that the self becomes aware of the objective world. ^ Self 
(Purusha) is the seat of knowledge. Intelligence (Caitanya) 
is reflected in Citta, and it assumes the form which is condi- 
tioned by Citta. Thus is knowledge obtained. Citta is affected 
both by the subject as well as by the object. But only one 
impression at a time can be produced in the Citta and it leaves 
a residual which is the cause of interest, desire, etc. Conscious- 
ness is a quality of the Citta. Any modification of the im- 
pression brought about by the mind is directly related to the 
object. When such a process occurs, it leaves an impression. 
This impression is often of the nature of a tendency (8amskara). 
A number of such allied tendencies form in the aggregate a dis- 
position. The act of recognition is called memory. 

Citta ^ is the highest form of matter. It includes in itself 
intellect, self-consciousness and mind. It is essentially non- 
conscious. It is capable of contracting (as in the case of animals) 
or expanding (as in the case of human beings). When it mani- 
fests itself a state of consciousness, it is called Kariya Citta. 


1 Yoga Sutra : i, 2, ii : 6, 17, 20. 

2 Cf. Mahat of Samkhya. 
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Mind can be directed at only one point of attention. In 
that state it is called one-pointed (Ekagra). This state is 
seen only when the mind is sattwic in its nature. When mind 
is alternating between a number of objects, now attending to 
one, now to another never fixed on any single idea, it is charac- 
terised as restless and is supposed to be rajasic. It can also* 
be tamasic when it is characterised as blind. 

A very important contribution, which is made more clear 
in Yoga than in other allied systems, is the idea of a state 
of mind which can think in terms of pure notions only. A 
balanced state of mind can be attained when the meaning of 
words, essences of concepts, deliberations, help us to hold an object 
in mind. But there is another kind of balanced state of mind 
when it is not helped by relations, words or memory (i.e. lasting 
impressions which cause recognition), but when only the object, 
just as it is in itself, is comprehended by the mind. It is here 
that we have the recognition of a state that is akin to notional 
consciousness. Thus the modifications of the mind are not 
always present nor are they necessary. This higher state of 
notional thinking must be cultivated by the Yogi, because the 
lower state, which is characterised by the mochfying activity 
of the mind, is a state when mind is affected by the latent tenden- 
cies caused by mental modifications. These tendencies, which 
are always subsisting in the unconscious, sprout up in the con- 
scious when occasion occurs. So the Yogi must not only allow 
room for these modifications, but must also destroy the ^sposi- 
tions in him that are brought about by aggregate tendencies. 
Thus it is that the Yogi is asked to cultivate the higher state- 
of mental functioning. 

The ways and means of this attainment are exhaustively 
treated in the Yoga, The withdrawal of the senses from their 
capacity to function (Pratyahara) is a prescribed method. This 
process of introversion is believed to be a better way of attain- 
ment than the annihilation of impulse. When the Yogi tries 
to attain the so-called attainments (Siddhis), then his method 
is somewhat akin to a process of self-hypnotisation. To faci- 
litate this process, certain bodily and mental exercises are pres- 
I cribed. In fact the so-called supernatural phenomena — ^television, 
clairvoyance, thought-reading, etc. — are treated just like natural 
ones capable of simple natural explanations. But the Yogi 
must regard the exercising of these powers as obstacles to 
concentration (Samadhi). 

The Yoga system, with its emphasis on the education of 
the soul and the controlling of the capacities of the self, ‘began 
slowly to degenerate to unworthy practices such as magic, 
mesmerism and so on. The Yogis became identified with 
charlatons, Tantricas and others who aimed solely at the attain- 
ment of the Siddhis. Thus it slowly became mystic and hetero- 
dox, and began to be looked down upon. The original purity 
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of purpose was lost sight of. Even today the Yogic practices are 
fanatically reserved and restricted. With proper study and 
practice it is bound to yield excellent fruits, especially in the 
branch of abnormal psychology. Modern psychology would be 
greatly enriched by proper and scientific researches in this 
field. 


The Nyaya and Vaisesika schools represent what may be 
-called the analytical type of Indian thought. They give pre- 
eminently a critical treatment of metaphysical problems, relying 
-on common sense and science. The ^scientific’ treatment of 
problems seems to be a distinctive feature of these schools. As 
-compared with the Samkhya, they represent an increased 
naturalism. 

All knowledge is supposed to have been originated, because 
of the fact that.it has a background of reality. It is the mental 
•or ideal reconstruction of this fact of reality which we call 
knowledge. Knowledge is of two kinds, cognitive experience 
(Anubhava) and knowledge due to former states of conscious- 
ness (Smrti). True knowledge has always got a pragmatistic 
value. According to the Nyaya Sutras of Gotama, the forms ^ 
of knowledge depend upon the four ‘ Pramanas intuition 
(including sense-perception), inference (Anumana), comparison 
“(Upamana), and verbal testimony (Sabda). Sense-perception 
is caused by the contact of the sense organ and the object 
(Prapyakari), but it is conditioned by the mind (Manas). And 
it is not the self either, and because intellection (Buddhi) is 
merely a quality of the self, it is not intellection either. 

Our consciousness is comparable to a stream.^ Percep- 
tion is never simultaneous. We can have sensations only in 
succession.^ Perception follows upon the modifications of 
the soul, produced by the contact of the senses and the 
objects. These perceptions stamp impressions upon the mind 
-even as a seal stamps impressions upon wax ; and the mind re- 
tains these impressions. 

The characteristic feature of knowledge is that it is in- 
expressible (Avyapadesyam), simple apprehension (indeter-* 
minate perception) characterised by the absence of relations. 
Determinate perception (Savikalpika) is a later stage character- 
ised as perceptual judgment. According to Annambhatta, 
we can only be sure of this determinate perception, since indeter- 
minate perception, though a fact, can only be inferred. This 


1 The Nyaya Sutra — Gotama, 1, I, 3. Translation by Vidyabhu- 
'Shana. 

2 The Nyaya Bhasya — ^iii, 2, — Jha. 

3 The Nyaya Sutra — Gotama, — 1, 1, 16. Translation by Vidya- 
hhushana. 
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fact of mere awareness (Vastuswarupamatra), is recognised 
also by some of the other Naiyajdkas. 

Perception is itself of four kinds : sense-perception, mental 
perception (Manovijnana, i.e. after-images,^ etc.), self-conscious- 
ness (feeling of pleasure, pain, etc.) and intuition. Sense- 
impressions are the sources of knowledge. Knowledge is merely 
a function. Senses supply material to the mind, and ‘ intellec- 
tion ’ makes the work of mind intelligent, i.e. it helps the forma- 
tion of concepts which save perception from remaining blind. 
Recognition is a kind of quaUfied perception. In recognition 
what is perceived is a present object conditioned by the quali- 
fications of the past. But memory is not recognition (Pratya- 
bhijna), because memory is caused solely by the impressions left 
on the mind (Samskaramatrajanya). Recognition is caused by 
the identification of the present object with the past one.^ 
Memory knowledge is based upon residual traces (Samskara- 
janya) and is due to the contact of the soul with the mind and 
the residual traces.^ 

Error may be due to any of the following : object, medium 
(e.g. light, etc.), sense-organ, mind or the self. But aU error 
in a sense is subjective, because all impressions are merely 
isubjective elaborations. Error is seeing a thing as other than 
what it is (Anyatakhyati) and has an objective basis.^ It is 
due to wrong synthesis of the facts given at the ‘ nirvikalpa ’ 
level. ‘ Nirvikalpa ’ perception can never be wrong. 

Illusion is due to a defect in the sense-organ (Dosa), partial 
perception (Samptayoga), and mental prejudice (Samskara, 
i.e. habit producing irrelevant recollections). Illusions are 
to be distinguished from hallucinations in that the former have 
an objective basis, while the latter have no objective basis 
(Adhistana). 

But to the psychologist the importance of Nyaya teachings 
is the analysis of action. Activities are never purposeless. 
They always have (1) motive (Prayojana), (2) attainment 
of pleasure (Sukhaprapti) and (3) removal or avoidance of 
.sorrow (Dukhaparihara). Activities may be characterised 
by the presence of will or they may be purely instinctive and 
automatic ® (Jivanayonipurvaka). This is due to the survival 
of the memory of a previous (life’s) experience. Here, perhaps, 
alone in all Indian thought is a dim recognition of the fact of 
instinct. 


1 Eye must stop working in manovijnana. 

2 The Kyaya Sutra — Gotama, 3, 2, 33-36. Translation by Vidya- 
bhusana. 

3 Nyaya varttika — iii, 1, — Jha. 

4 Nyaya varttika — 1, 1, 4. — Jha. 

6 Among examples of this recollection, is the infant’s ‘ readiness 
to suck.’ 
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Activities may also be due to the perverse action of the 
three characteristics of the soul ; attachment (Raga), aversion 
(Dvesa) and stupidity (Moha). Aversion includes anger, envy, 
malignity, hatred, implacability, while attachment includes 
lust, avidity, avarice and covetousness. Stupidity breeds 
both attachment and aversion. Dreams originate both from 
external and internal stimuli. They are merely revivals of 
subconscious impressions.^ 


The Vaisesika school is very closely allied to the Nyaya 
school. It is held by some that this doctrine is older than the 
Nyaya doctrine. Kanada (the author of Vaisesika Sutra) 
seems to be older than Gotama. The Vaisesika doctrine takes 
a more scientific and analytical view of experience than the 
Nyaya. On some of the main principles they are both agreed ; 
but while the Vaisesika is extremely scientific, the Nyaya out- 
look is slightly empirical. The Vaisesika upholds the atomistic 
conception of the Universe, although atoms themselves can 
never be perceived. What is perceived is the substance, quality, 
action, etc. There are four kinds of valid knowledge (Validity 
depending upon its capacity to enable us to apprehend substances 
which are perceptible) ; perception, inference, remembrance and 
intuition (prathyaksa, laingika, smrti and arsajnana, respectively). 
The senses are the source of all knowledge. Invalid knowledge 
consists of doubt (samsaya), misconception (viprayaya), in- 
definite cognition (anadyavasaya) and dreams (svapna). 

The sensations are analysed more or less as is done by 
the Jains. Colour is divided into seven varieties ; white, blue, 
yellow, red, green, brown and variegated. Taste can be sweet, 
sour, ptmgent (katu), astringent (kasaya) and bitter (tikta). 
Odour is either fragrant or bad, while touch can be either hot, 
cold, or neither hot nor cold. Actions are due either to the 
organic impulse to live (Jivanpurvaka), or to desire and aversion 
(Iccadvesapurvaka). Afiection for objects is caused by pleasure. 
Pain causes aversion to objects. Desire and aversion are voli- 
tional reactions to pleasurable and painful objects.^ There 
is no higher activity than that due either to attachment, aver- 
sion or organic impulses (Jivanayonipurvaka). 

Consciousness is the activity of the soul ; but this activity 
is seen only when the soul is confronted by the non-conscious 
world. The soul is distinct from the body or the senses. This 
activity of the soul, characterised as consciousness, is due to 


1 Kanada attributes dreams to the union of the self and the mind 
helped by subconscious impressions. Sridhara believes that dreams are 
centrally excited. Prabhakara says that dreams reproduce past ex- 
periences which however appear as immediate ones. 

2 Prasastapada’s Padarthadharmasamgraha, 259, — Jha. 
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tliG iiit©riictioii bctwcoii sornGthing outsid© ns and our mind. 
The mind is merely a blank wall upon which ideas and experi- 
ences find a place. The world outside conveys ideas to this 
mind in regard to its nature. The cognition* of the external 
world is due to the functioning of senses and mind. This cogni- 
tion becomes possible by reason of the fact that the soul, the 
mind, the senses and the qualities of the objects are all inter- 
related. But all these are atomic — even mind. Knowledge 
which is non-continuous is not a permanent attribute pf the 
soul. 

The main difference between these systems of Kyaya- 
Vaisesika and the other systems of Indian thought is perhaps 
the nature of the method of study. These systems give a 
scientific treatment of knowledge, in which body and mind 
are regarded as different. Mind is, in a sense, eternal ; and 
keeps in itself the residual impressions and effects of actions. 
It is continuous, though at any moment it presents only a 
phase of its activity. These systems recognise the survival of 
memory knowledge even in different lives.^ Mental pheno- 
mena seem to have attracted the teachers more than the purely 
metaphysical problems of the self. 


The Mimamsa is divided into two parts — the former (Purva) 
and the latter (XJttara). The former deals mostly with rituals 
and religious practices, while the latter concerns itelf mostly 
with philosophical speculations. The latter is supposed, also, 
to give a true knowledge of things. Jaimini, who wrote the 
Mimamsa Sutras, is the first famous exponent of the system. 
Though the Sutras are more concerned in directing the perform- 
ance of rituals, the first chapter is important to the psychologist. 
Prabhakara and Kumarila are the two notable Mimamsakas 
who have to be considered next. Both of them are champions 
of the orthodox Vedantic school, and their earnest endeavour 
seems to be to place Vedanta on a sound basis. 

Jaimini mentions only three Pramanas, namely, perception, 
inference and verbal testimony. Prabhakara adds two more 
(analogical and implication), while Kumarila adds analogy 
and non-comprehension. In their opinion mind (Manas) 
gives rise to pleasure, etc., but quafities like colour, 

smell, etc., are given by the me^um of senses. Perception 
is thought to be a quality of the self, and due to the sixth sense 
(Manas). 

Perception is apprehension (Saksatpratitih) due to the 
contact of the senses and the object. Kumarila holds that 


1 The child instinctively begins to suck and the remembrance of 
taste makes our mouth water - 
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perception is always related to the object that exists. Prabha- 
kara believes that the perceived object may be a substance or 
a class. Perception is indeterminate in the beginning, but 
later becomes determinate. According to Kumarila, indeter- 
minate perception is the result merely of the contact of the 
senses and the objects. It is mere awareness^ and devoid of 
aU relationships. This perception, of the nature of mere aware- 
ness (Sammugdha Vastu Grahana) or observation (Alocana), 
is comparable ' with that of the new-born baby.’ This percep- 
tion is due to the object itseK, and it is only when we use relation- 
ships to help us to get a clear perception of the object, that per- 
ception becomes determinate. 

Prabhakara believes that in indeterminate perception 
(Avikalpa) there is a knowledge of the genus and species of 
the generality and individuality of the object. But in the very 
next moment other objects in our knowledge, owing to their 
interaction upon the new object,^ make the perception deter- 
minate (Savikalpa). 

Mind can work only through the senses. It is of the nature 
of an atom, and works very rapidly. The self has the nine 
qualities — ^intellect, pleasure, pain, desire, hatred, effort and 
memory traces. It is the relationship of mind and self that 
arouses these qualities. But, after mind has cognised pleasure, 
pain, etc., it is not possible for it to introspect those events. 
It is only the non-cognitive activities that could be mentally 
perceived. Pleasure, pain, etc., are purely mental in character. 

Dream-cognition is due to the rousing of certain impressions 
retained in the mind. The condition of the subject must be 
such that it makes it possible for these impressions to work. 
It is only the impressions that have an emotional importance 
that can work in dreams. Mind may not be in contact with 
the senses during a dream, but self is in contact with mind. 
And according to Prabhakara, when this contact between mind 
and self ceases in sleep, then deep dreamless sleep is induced.'^ 

According to Prabhakara all consciousness is self-conscious- 
ness too. Apprehension of the object is self-evident, and 
cognition, though self-cognised, is inferred. Kumarila believes 
that cognition is both directly perceived and also inferred, 
and it is self-evident. So, according to Prabhakara, cognition 
becomes an object too. Direct apprehension (Anubhava) 
is valid, but remembrance (Smrti) is not valid, " because the latter 
must have previous apprehension.’^ 

Vahd cognition, apprehending the object, prompts us to 
action. Prabhakara analyses action as (1) sense of duty, (2) 
desire to do, (3) volition (Pravrtti), (4) motor reaction (Cesta) 


1 Parthasarathi Misra in Sastradipika, 110. 2 Gestalt ? 

3 Prabhakara school, ii — Jha. 

4 Prabhakara*s Mimamsa, 39, — Jha. 
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and (5) the act itself. All knowledge is self-valid, for even 
when a shell is mistaken for silver, it is a vaUd cognition. Error 
may be due to organic causes or defects in the senses, or to 
subjective causes. In the case of subjective error we up 
present cognitions with past ones. That is to say, when an 
object is cognised, before cognition can be fuU, the several 
attributes of the object must be cognised. But if wrong attri- 
butes are derived from the presentation, then error is caused. 
In this way the education of wrong relations causes error. 
Here, error is of the nature of commission. 

Error may also be caused by. omission. When one says 
^ This is silver,’ on seeing a piece of shell, the perceived object 
‘ This ’ and the remembered object ‘ silver ’ are both true. 
But the non-discrimination (Akhyati) of these two factors as 
distinct and separate leads to error. Doubtful cognition is 
also valid. When a doubt is expressed as to whether an object 
is a man or a post, the cognition is valid. But Httle or no 
comprehension is erroneous cognition. 

Self itself can be the subject of perception. According to 
Prabhakara, the presence of this self originates the capacity to 
recognise and remember. It is so because the phenomenon of 
recognition has two elements in it ; recollection (Smrti) and 
the previous perception of the object (Purvanubhava). Now, 
the fact that one can remember a past cognition means that 
there is a permanent self where past perceptions and recollec- 
tions are stored. Parthasarathi Msra holds the opinion that 
the self can be both the subject as well as the object of percep- 
tion. The other systems of thought said that memory trends 
were left in the mind. But Mimamsa, with the avowed object 
of appearing very orthodox, merely substituted self for mind. 

In Mimamsa, after considering Jaimini and the two great 
commentators Kximarila and Prabhakara, we must refer to 
Badarayana. His Vedanta Sutra is important as the rallying 
j)oint of the later Acharyas. Of its four chapters, the third one 
alone gives us little psychological information. 


The variety and richness of the Mimamsa teachings were 
responsible for claiming the famous three Acharyas to their 
own school. Perhaps the most profound and the best known 
of them was Samkara, whose Advaita system is probably the 
best example of a pure philosophical system of thought. He 
lived about the middle of the sixth century and his teacher 
was Govinda, whose teacher Goudapada was almost the &st 
exponent of Advaita. Goudapada’s teachings are characterised 
by a bold analysis of experience and the rejection of shallow 


1 Cf. Some think he lived as late as 800 a.d. 
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traditional explanations. He says that dreams are as real as 
waking life, and that they in their universe are as organised as the 
experiences of the waking life. Bhartrihari, the famous gram- 
marian and logician, lived earlier than Samkara. Samkara’s 
views seem to have been influenced by Bhartrihari’s views. 
Bhartrihari’s fundamental idea is that the world of experience 
is purely ideal and imagined (Kalpanika). 

Samkara seems also to have been influenced by Buddhist 
teachings,^ though he alTvays placed great faith in the Upani- 
shads. He viewed the Nyaya Vaisesika doctrines as loose and 
common-place, while his own method was remorselessly critical 
and rigorously logical. 

Knowledge is obtained through three channels : percep- 
tion, inference and scriptures (i.e. Agamika and Laukilca). 
The means depend upon one’s own experience, the validity of 
which is self-evident. The direct consciousness of an object, 
when the senses come in contact with it, is perception. In all 
23erceptions we have two elements : the datum and the inter- 
pretation. But in intuitional knowledge we always have valid 
knowledge. It is the highest knowledge.^ There are tw’o 
diflerent kinds of perceptions : sense perception (Indriyajanya), 
and emotional perception (Indriyajanya).^ 

Every act of perception has two stages : indeterminate 
(nirvikalpaka) where no determining attribute is observable, 
and determinate (savikalpaka) where the distinction between 
the thing and its attribute is present.^ Determinate know- 
ledge presupposes a change in the ultimate consciousness. This 
change is of the nature of differentiation of the process into 
the subject, the process of perception and the object perceived. 
The internal organ, which depends upon the soul for its power, 
receives and organises impressions. Even this process causes 
a change in it. Some modifications give a knowledge of objects, 
while other modifications enable us to experience emotions. 
The modifications of the internal organ can be classified as (1) 
indetermination (Samsaya),® (2) determination (Nischaya),^^ 
(3) seH-consciousness (Garva),*^ and (4) remembrance (Sma- 
rana).® 

Organic defects in the sense organs might cause a false 
modification of the internal organ, and in this way error may 


1 Especially the Madhyamika school. 

2 But according to Samkara even this has got to be properly 
interpreted and tested by reason. 

^ Like desire, etc. 

^ E.g. The Jar and its jarness. 
s Now it is mind. 

6 Now it is Buddhi, 

7 Now it is Self -sense or Ahamkara. 

8 Now it is Oitta or Attention* — ^Also note : Buddhi operates in 
three moments, i.e, when it is born, when it exists and when it dies* 
But Citta endures. ' 
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arise. When the shell is mistaken for 'silver, this illusory silver 
is presented through ‘ Avidya/ and the cognition is aided by 
memory images. To attribute to an object what is different 
from it is 'Adhyasa.’^ Error is of the nature of Adhyasa. 
The presentation of the object (the shell) is valid but the 
superimposition of ' silverness ’ on this presentation is the cause 
of error. 

The means and objects of knowledge are more or less the 
same in man and animals. Mind is of the nature of a selective 
agent, for very often our interest determines the nature of the 
thought-process. Mind (manas) is also of the nature of a 
physical element. Men, animals and plants are essentially 
the same. Man has the growing power of a plant, the moving 
and sensing power of an animal, as well as the human charac- 
teristic of reflection, understanding and free-wiU (Vyutpanna- 
citta). The influence of Samkhya is clearly seen in the dis- 
cussion on the body. The organism is supposed to have a gross 
body and a subtle body. The subtle body consists of the five 
organs of perception, the five organs of actions, five vital forms, 
mind and intellect. 

Dream-life is contrasted with waking life in that the 
former is characterised by the working of the mind only, 
while in the waking life all the faculties can operate. In the 
waking life so many impressions are received by us. Those 
imj)ressions which are left on the senses are stored in the mind. 
In the dream state those impressions that are usually buried 
in the mind serve as dream objects. In dreams, we cannot 
create anything of our own will. 


Ramanuja is the other famous Acharya of South India, 
w'ho, by his interpretation of the Vedanta from a sociological 
point of view, has earned a place amongst the teachers of India. 
He lived about 500 years after Samkara. He regarded the 
sources' of knowledge as three: (1) perception, (2) inference 
and (3) scriptures, just as did Sainkara. 

Perception has two stages : indeterminate and determinate. 
When an object is seen for the first time, at the first instant 
we have merely indeterminate knowledge. The object as 
such can never be apprehended. When the object is qualified 
by some specific attributes, then only we can apprehend it. 
Even Yogic perception is merely sense-perception, and hence 
purely natural. 

The help of logic is not necessary to know an object. One 
need not reason about it, for mind can know objects in other 
w^ays, as, for example, in intuitive knowledge when there 


1 Adhyasa is the appearance of a thing where it is not. ' 
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is no reasoning. Imperfect and partial perception is the cause 
of error. Though aU knowledge is of the real, generally it is 
imperfect and partial. In the ‘ shell-silver ’ example, we 
notice certain features and miss others. Error is always of 
the nature of omission. 


Madhva, the famous exponent of the Dvaita philosophy, 
also took his stand by the Vedic flag and believed that his 
exposition came nearest to the true one. There was a tradition 
of dualism before Madhva’s time, but the association of his 
name with dualism has given it an enduring place among the 
philosophies of India. Madhva was a native of South Canara 
district in South India, where he was born in 1199. His com- 
mentary on Brahma Sutra is well known. 

He also accepted the three sources of knowledge : per- 
ception, inference and scripture. Every fact of apprehension 
is self-evident and valid. It is believed to be invalid only 
when some other apprehension which is valid comes to our 
aid.^ But illusion is caused when we mistake similarity for 
the substance. Every act of illusion presupposes an objective 
reality, but because of its similarity to something else, it is 
mistaken for the other thing. The organ of knowledge is called 
‘ saksin.’ Mind (Manas), which is also material, presents 
impressions to it. 

This brings me to the close of what has been a brief 
outline of the growth of psychological knowledge in ancient 
India. This very cursory outline that I have presented to 
you is an attempt to cover a period of intellectual life stretching 
over at least 2,500 years. If I have succeeded in conveying 
to you, in the meagre way that has been possible for me, some 
idea of the unsophisticated spirit of scientific curiosity, the 
intense fervour and zeal, and the outstanding psychological 
outlook which the ancient seers displayed in their search after 
Truth, then I thinlc I shall have been amply rewarded. If, 
in addition, the contributions of ancient India to the growth 
of psychological knowledge have become evident to you, then 
I deem myself doubly rewarded. 


The brief survey of the growth of psychology that I have 
outlined in the previous pages wiU, I trust, have already revealed 
the nature of the outlook that was predominant in ancient 
India in discussions on psychological problems. The survey 


1 E.g, Sunrise and sunset axe supposed to be two separate 
occurrences. Only when we apprehend further knowledge, do we come 
to know that the sun neither sets nor rises. 
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is necessarily more chronological than logical. But even so, 
the speculative trend of the outlook of ancient psychologists 
is sufficiently evident. The Indian mind seems to be peculiarly 
gifted in analysing psychological events, in positing psychologi- 
cal causes of human behaviour, and in observing peculiarities 
of mental characteristics and offering explanations thereto. 
With this inherited wealth of introspective capacity, one would 
expect that, in Indian soil, the growth of modern psychology 
would be much more prominent than in other countries. 

Modern India was born with the advent of British 
organisations. The Western system of education, especially 
in the higher institutions, served as an easy means of introduc- 
ing newer and necessary changes in the curricula of studies. 
The mother institutions in the West no sooner initiated studies 
in newer subjects, than the Indian universities found it com- 
paratively easy to introduce them in their own curricula 
of studies. Thus, since the general awakening of the universities 
in the West to the importance of the study of scientific psycho- 
logy, and since the evolution of experimental psychology nearly 
50 years ago, momentous changes have occurred and new 
innovations have been introduced in the older universities 
of the West. Modern psychology began to be closely identified 
with experimental psychology. Scientific psychology began 
to claim a number of investigators as its votaries. Already 
quite a large amount of work has been done in Scientific 
psychology. 

Let us see how it has fared in India. In other branches 
of learning old and time-worn ideas have frequently been 
dumped upon India. India has very often become genuinely 
interested in some fact of research many years after it had 
become a household concept in the West. Intellectually she 
has been years behind the progressive West. Not that she 
could very often help it. However, thanks to the general 
awakening of the nation, she has begun to claim her legitimate 
place among the nations of the world, and in the intellectual 
interaction of nations. It is our good fortune that the 
study of experimental psychology was introduced in some of 
our Universities just about the time when the world had begun 
to recognise India as a colleague in the field of intellectual 
progress. 

There are now 17 Universities in India, many of them 
with a large number of constituent colleges. There are also 
quite a number of Training Colleges for under-graduate teachers, 
usually managed by the Educational Departments. There 
are nearly 180 institutions teaching psychology in one form 
or other. Except possibly in a few institutions, psychology 
is taught either as a part of philosophy or education. The 
traditional way of looking at psychology is as ' a handmaid 
of philosophy.’ Though philosophy (specially epistemology 



451: Section IX, Psychology. (26) 

and logic) depends for its soundness upon a proper psychological 
basis, the task of psychology is much more than serving 
philosophy. It now has fresh demands to fulfil, fresh duties 
to perform on its own behalf and for other sciences. It is the 
duty of every educationist to recognise this. 

" The importance of psychology as a science was first 
recognised in India, in the year 1916, when the first psychologi- 
cal laboratory was started in Calcutta by that great Educa- 
tionist Sir Asutosh Mukherjee of venerable memory. The 
next was started in Dacca. Then came the Mysore laboratory 
in 1925. Now we have laboratories in Lucknow, Lahore and 
Patna. The Andhra and Annamalai Universities are considering 
schemes to open laboratories. It is needless at this stage to 
point out and argue how very important it is to start courses 
of study in ex]3erimental psychology and open laboratories, 
if psychological science is to yield proper results. 

It was in the year 1925 that further recognition was 
accorded to psychology in India. This was the year when it 
was included in the Indian Science Congress. In the same 
year the Indian Psychological Association was started with 
a view to * co-ordinate psychological researches, to publish 
works, and to standardise the curricula of studies.’ The 
necessity for such an association is amply borne out by the 
amount of work it has already turned out during the past 6 
years. But it has to do more. This institution must make 
it its business to give proper orientation to psychological 
researches, because the peculiar attitude of the people to some 
extent determines the nature of the researches. A proper 
co-ordination and consequent guidance must take this into 
account. It is not by^ chance that the first laboratory in 
experimental psychology was started in Germany, and that 
it should have given to the world ‘ gestalt,' that Prance should 
have specialised in the study of pathological psychology, that 
Vienna should be zealous of psycho-analysis, that England 
should favour the grow'th of the knowledge of heredity, evolu- 
tion and intelligence, and that America should, in addition to 
applied psychology, be partial towards the measurement of 
individual differences. 

The inclusion of the subject in the Science Congress served 
as a great stimulus to original work in the field of experimental 
psychology. Since then as many as 222 papers have been 
contributed to the Congress, with a more or less steady 
average of 28 papers per annum. The Indian Philosophical 
Congress has a&o a place for psychology. This Congress has 
been working for the last 7 years, and quite a large number 


1 Cf. J. McKeen Cattle : Psychology in America — (Address of the 
President of the Ninth International Congress of Psychology, given at 
the Yale University, New Haven). 
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of papers have been contributed to the Psychology Section of 
the Congress. One might have wished that with the passage 
of time and increased facilities, a greater amount of work should 
have been turned out. But the richness and variety of subjects 
tackled cannot but call for admiration, as the tables show. 

In the order of popularity,' the following topics may 
be noted in the table : — Pedagogical, Abnormal, General and 
Historical, Sensation and Perception, Attention and Memory, 
Mental development and Learning, Feeling and Emotion, 
Physiological, Motor phenomena, Social behaviour, Apparatus, 
Suggestions, etc., Vocational (industrial included), and Animal.^ 
The popularity of some of these topics is due to the fact that 
most of the workers are drawn from the few laboratories we 
have, from some of the pedagogical institutions (and Training 
Colleges), and from among the members of the staff of mental 
hospitals. That, in certain other topics (e.g. Vocational, 
Industrial), we should have so few contributions is significant 
of the fact that in ultra-academic researches especially, need 
precedes research. 

Table II shows the topics that seem to interest workers in 
different parts of India. The two Provinces that stand out 
prominently in the table are probably more able to carry 
out researches, because well-equipped laboratories are easily 
accessible in those centres. With proper equipment and 
facilities, the other centres would also contribute papers in more 
topics than they have done up tiU now. 

TABLE III. 

Showing the total number of contributions from different 


centres in different years. 

Centres : 

Agra 1 

AUahabad . . 1 

Benares 1 

Bengal . . 20 21 22 26 13 8 13 5 

Bombay 2 

Hyderabad Dn. 1 1 

Lucknow 1 1 

Madras 2 2 2 1 

Mysore . . 5 3 1 1 15 14 8 16 

Punjab .. 1 .. 5 .. .. 2 2 1 

Other centres 2 .. 1 .. .. 1 .... 


Years 1925 26 27 28 29 30 31 32 


1 As judged by the total contributions in each of the several topics 
till now. 

2 The totals for each of the topics, in the same order is : — 46, 34, 
32, 99, 17, 16, 9, 8, 8, 7, 7, 5, and 4. 
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^ The total of 225 papers that have been contributed to the 
Congress, is distributed over a number of centres and over a 
period of 8 years. Table III shows that there are some centres 
which have come recently within the fold of psychological 
investigators. While wishing them a hearty welcome, one 
may express a wish that more centres will follow suit and 
become actively engaged in psychological investigations. 

A word may be said in regard to the proper scientific study 
of our ancient works on psychology. There is a widespread 
hope that the proper study of the Upanishads, Yoga, Tantra 
and other systems of Indian thought may yield fruits which 
may not only be contributions to our knowledge but also serve 
as suggestive stimuli for future work.^ The Andhra University 
intends to institute a Headership in experimental psychology 
with special reference to Hindu Yoga.^ During the course 
of the survey of the growth of psychology in ancient India, 
it may have been noticed how very closely some of the theories 
of cognition, perception, etc., approximate to some of the 
most modern ideas. I venture to hope that very soon the 
value of such studies will be appreciated. 

I am tempted to make use of this occasion to point out that 
many who could devote some time to psychological investiga- 
tions are doing insufficient work. In the course of these few 
years quite a number of persons must have been trained for 
research work. But for a whole decade we have not been able 
to count more than eight or ten additions to the number of 
investigators already engaged in research work. The founding 
of a laboratory suggests an enormous expenditure. But a 
modest beginning could be made with about Rs. 5,000. That 
should be sufficient to enable at least the under-graduate classes 
to^ take a course of study in experimental psychology. It 
might even suffice to enable research work to be done in certain 
fields of experimental psychology. After all, what an Indian 
university spends on a psychological laboratory is hardly l/15th 
of the average expenditure of an American university. The 
disparity of conditions in these two countries cannot alone 
explain this huge difference. 

It has often been said that Indians are essentially an intro- 
spective nation, and that the attitude they present while 
tackling problems of human conduct and behaviour is charac- 
teristic of the nation. Though in the intellectual internation- 
alism of the search after Truth there can be nothing essentially 
nationalistic, yet it might be the destiny of one nation, by virtue 
of its heredity and culture, to contribute something charac- 
teristic of itself to the common fund of knowledge. The 


1 E.g. Prof. R. N, Sarma’s articles on ‘ Psychology of Dreams in 
the Upanishads.’ 

2 I understand that the idea has now been dropped. 
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task before us in India is great. But a perusal of what we 
have already done ought to strengthen us in our behef that 
we can do more. The Indian Psychological Associations with 
its excellent organ, ‘ The' Indian Journal of Psychology,’ will, 
we are sure, come forward to centralise and co-ordinate the 
efforts of psychological investigators. The Indian universities, 
let us hope, will very soon become earnestly interested in the 
study of human behaviour and create facilities for such a study. 
The Indian psychologists, we may be certain, will rise to the 
occasion, and wrest from elusive nature truths on which the 
destinies cf humanity depend. 



Section of Psychology. 

Abstracts, 

1. Energy experiments and cognitive work. 

G. K. Vasudeva Eao, Gocanada. 

This is a continuation of the paper submitted to the Congress last 
year on the possibilities of ‘ Measuring mental work in terms of physi- 
cal work \ The problem was to find out if varying grades of intellec- 
tual difficulty show differences in the fall of muscular work: Three tasks 
involving different grades of intellectual difficulty were tried with. 30 
students of the B.T. class of the Mysore College took the tasks. Intros- 
pective account of the grades of felt difficulty of the various mental 
tasks were recorded. The median percentage fall in tapping and the 
introspective accounts were examined. Compensatory fall was found to 
correlate highly with the grade of felt difficulty of mental work. 

The second problem was to see if the more intelligent persons show 
a lesser diversion of energy for a given task as compared with less 
intelligent persons. The coefficient of correlation between intelligence 
standing as determined by the scores in absurdities, analogies, reason- 
ing, and hard opposites and the percentage fall in the output of mus- 
cular work is determined. Energy diversions during counting bach- 
wards yields a higher correlation with intelligence stan&ng. The natui-e 
of mental processes in the three tasks are defined. The presumptive 
conclusion is that the ability to overcome previous facilitation is at least 
as important in cognitive work as correlate edxication. 

2. Imitation. 

B. Kdpptjswamy, Mysore. 

The paper reports some observations on white rats regarding the 
problem of imitation. The observations reveal that imitation occurs at 
two levels; a higher and a lower level, which could be descriptively 
termed epicritic and protopatliic adopting Dr. Head’s terminology. At 
the protopathic level, only ordinary instinctive movements are imitable. 
But imitation at the epicritic level involves ‘ Insight ’ and ‘ ITeogenesis 

S, ‘Hunger and Escape’ motivation in learning. 

B. Kuppuswamy, Mysore. 

The paper reports the results of the second experiment done on the 
problem of motivation. In 1929 a report of the first experiment was sub- 
mitted to the Congress. It was then reported that ‘ Escape ’ was a 
better motive for learning than ‘ Hunger ’ among white rats. But there 
is room to think that the attention of the white rats was not concen- 
trated on the problem since there was much rambling space. So two 
more groups of rats were experimented upon, under more identical condi- 
tions and the paper reports the results, 

4. The Hindu view of psychological error. 

T. E. Ananda Mxjrty, Mysore. 

Definition of psychological error. The wholeness of experience. 
The subjective (the less objective) and the objective (the more objective) 
aspects of it; the latter gives rise to the former, \^en the less objec- 
tive makes a false claim of the more objective then error arises. 
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The treatment of the subject in Indian philosophy The Upanishads, 
the sis Brahmauical systems, the Buddhistic and the Jaina systems, 

Detailed study of Samkhya and Yoga, (a) Knowledge is deter- 
mined by the bent of mind which does not apprehend all the aspects of 
the object. So, error which is of a nature of omission arises, (h) 
Error also is caused by non-discrimination or mistaking one thing for 
another. 

According to Nyaya-Vaiseshika, error is purely subjective arising in 
the process of synthesising the impressions given in perception. When 
the subjective and the objective schemes disagree then we have error. 

In Mimamsa, we have two schools : Prabhakar’s, which says that 
memory which is always invalid causes error in conjunction with the 
perception, because, then one is mistaken for the other. Also, error may 
not only be due to partial knowledge but also to a failure to note a 
distinction between memory and presentation. 

Kumarila, though agreeing with Prabhakara in details, says, that 
error is one of commission arising out of wrong synthesis. Adwaita 
Vedanta believes in the illusory nature of the objects, the objects are 
both real and unreal. When unreality is mistaken to the reality then 
error arises. 

There seems to be a need of approaching the subject from a func- 
tional rather than a structural aspect. 

5. Perception and ego-transformation. 

J, K. Sarkar, Muzaffarpur. 

The different attitudes of psychologists towards the problem of 
perception. Perception considered as ego-externalization. Ego-petal and 
ego-fugal tendencies working beneath the perceptual process. The place 
of ego in the process of perception. Misplacing of ego underlying the 
abnormalities of perception. The perceiving ego resembling the loving 
ego. The perceptual life corresponding to the emotional life. Perceptual 
and emotional identifications compared. Different forms of ego-trans- 
formation paralleling different forms of perception. 

6. Reaction of high-school students on high-school subjects. 

K. S. Acharlu, Mysore. 

Introduction, — Necessity and importance of the inquiry. 

Plan of the experiment. — ^A list of nineteen subjects forming part of 
the Mysore S.L.C. curriculum were written on the black-board and 
the students were asked to give their considered opinion regarding the 
three subjects they liked most. They were also required to assign 
reasons for their preferences. 

The experiment covers a range of three years and is representative 
of three schools and all additional subjects. 

Statistical results : — 

(a) Student judgment. — Whether students have used their power of 
judgment or have been influenced by the presence of the teacher in the 
class, while the experiment was being conducted, is discussed. The 
figures show that the students are to a great extent indifferent to the 
presence of the teacher in the class. 

(b) Selection of subjects. — ^An analysis of the facts shows that 
students do not show a higher preference to their selected subjects. 

(c) Subject preferences. — ^Frequencies were obtained for likes and 
dislikes separately. 

(1) According to students’ optional subjects : 

The order of subject preferences by students of Mathematics, 
Commerce, Drawing, and other miscellaneous subjects was 
studied individually and in groups. 
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(2) According to Schools : 

The order of subject preferences for schools irrespective of the 
subjects was studied. 

(3) The above facts were studied in profile charts. 

(4) Likes and dislikes of students on the whole is given. 

Conclusion from the above study. — ^An analysis of student reasoning 
for subject preferences has been arrived at, which points out a need for 
educational guidance in selection of additional subjects, which offers 
suggestions in the technique of teaching, and which yields suggestions 
to the curriculum makers. 

7. Eacial diSerences in the trait of perseveration. 

G. Eanga Char, Mysore. 

In 1900, Muller and Pilzecker introduced the term ‘ Perseveration ’ 
from Pathology to normal Psychology and used it to indicate the ten- 
dency which every idea has, after having occmTed ‘ to remount into 
consciousness spontaneously ’ — spontaneous in the sense that it takes 
place without any observable medium of association. Since then, the 
concept of ‘ Perseveration ’ has been broadened so as to include the 
phenomena of the immediate after-effect of a sensory experience. Further, 
the recent investigations of Lankes and others have shown that there 
exists a tendency for mental processes to ‘ perseverate ’ — a unitary func- 
tioning factor varying from one individual to another. 

In tliis investigation a trial has been made to compare the preserva- 
tive tendencies of Jewish and non-Jewish boys. The tests were applied 
to two groups of boys of about the same age from two schools, one 
Jewish and other non-Jewish, both attended as far as possible by boys 
of the same social and economic status. The tests were repeated five 
times and many of the disturbing factors were avoided by totally reject- 
ing first day’s performance. The reliability of the tests was obtained 
by correlating the sum of the second and fifth day’s results with that of 
the third and fourth day’s. The validity of the tests was established 
by correlating each one of the tests with the pool of all the tests. The 
statistical treatment of the inter-correlations showed the existence of a 
common factor running through these tests .of perseveration. 

Finally comparing the two groups it is found that the Jewish boys 
tend to be more perseverating than the non-Jewish boys. It is sug- 
gested that this difference is due to one of three factors : — (1) differences 
in intelligence, (2) differences in speed of writing, and (3) differences m 
heredity, 

8. Intelligence and perseveration. 

C. Eanga Char, Mysore. 

This investigation formed part of another enquiry, ‘ Eacial differ- 
ences in the trait of Perseveration ’. The object of this part was to 
examine the validity of the suggestion that the difference in * intelligence 
might explain the observed deference in perseveration For this pur- 
pose, Prof. Spearman’s oral tests ‘ A measure of “ Intelligence ’’ for use 
in schools ’ was applied to both the Jewish and the non-Jewish boys’ 
groups. The validity of these oral tests was established by correlatmg 
the test scores with the teacher’s estimates of ‘ intelligence ’. 

On comparison it was found that the Jewish boys were slightly 
superior to the non-Jewish boys in ‘ intelligence ’. The results have 
been compared with those of similar investigations. Finally the correla- 
tions between the tests of perseverations and ‘ intelligence ’ showed that 
there is no relation, whatever, between ‘ intelligence ’ and ‘ persevera- 
tion ’ as measured by our tests. Furthermore, after eliminating ‘ intelli- 
gence ’ by partial correlations and applying the more rigorous test of 
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tetrad differences, conclusive evidence was found for the presence of 
some common factor pervading all these tests of perseveration. Hence 
It IS concluded that the slight superiority of the Jewish boys in intelli- 
gence cannot explain the difference in perseveration observed between 
the two groups, 

9. The stratification of the human mind. 

J. K. Sarkar, Muzaffarpur. 

The mind has a covering tendency. This tendency manifests itself 
in and through the different forms of the layer-formation of the mind. 

The different levels of the mental attitudes are fully -illustrated. - It 
is shown that one idea may be a cover for another, one wish for its- 
opposite wish, Fear may be a screen for wish, and wish may underlie 
fear. Fear may also disguise fear — the fear of fear. Love may be a 
cloak for death-wish. This is illustrated by the comparison between 
the suicide impulses of the melancholiac and the self-sacrificing tenden- 
cies of the mother. 

In this paper, attempts are made to disclose the hidden functional 
connection that exists among apparently hostile activities of the mind 
and also to show the different methods of reconciliation adopted by ibe 
unconscious for the purpose of disposing of the conflicts of hostile ten- 
dencies. The unconscious methods of reconciliation, as distinguished! 
from the conscious method of regulation, are as follow: — the disguising 
method, the method of idealization, the processes of system -forming and 
synthetic functioning, etc, 

10. Character trends. The problem of their measurement. 

M. Y, Govindaswamy, Bangalore. 

Various definitions of character have been proposed from time to 
time by Shand, Seth, Spencer, Watson and MoLougall, but from the 
point of view of quantitative estimation that of MoLougall based on 
instincts seems to be satisfactory. Up till now, the nature of the tests 
proposed have been more or less subjective in character. Even at that 
they attempt to measure only one particular character trait. Moore 
adopted a more comprehensive plan, in that he estimated the relative 
strengths of different instincts in an individual by measuring the re- 
action time to words capable of evoking different instincts. His work bad 
many inherent defects. By introducing a G-alvanometer in this circuit,, 
and measuring the P.G-.E. under standard conditious in 50 normal indivi- 
duals with knowm character trends, and correlating the results, the 
writer, working in the Psychology laboratory of the Maharaja’s College, 
under the direction of Professor M. V. G-opalaswaray has devised a 
character analysis technique, the merits of which are discussed in this 
paper. 

11. Psychological correlates of the P.G.E. 

M. V. GovjndaswamYj Bangalore, 

There are two important schools of opinion; one of Wechsler, who- 
maintains that ‘ Emotion ’ is the psychological correlate of the P.Gr.R. ; 
and the other of Aveling, who emphasises that ‘ Conation ’ is the* all 
important factor. The difficulty seems to be due to the confusion under- 
lymg the concept ‘Emotion’. In the present paper the two schools are 
exammed and from the results obtained from P.G.R, measurements and' 
introspective and free association data, proofs are adduced that inhibition 
plays a very important part in the G-alvanic Reflex. 
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12. The psychology of religious mysticism. 

M. A. Ybnkata Eao, Mysore. 

The writer proposes to consider the investigation of J. H. Lenba 
regarding the psychology of religious mysticism. 

Dr. Deuba holds that religious mysticism is a methodology to achieve 
certain valuable results through an alleged experience of ‘ Divinity It 
implies a psychic technique and a cosmic metaphysics. Deuba is of 
opinion that the technique has been effective for the purpose aimed at 
such as unification of values, production of trances and ecstasy and a 
sense of moral exaltation; but that it has been more or less empirical, 
making use of suggestion, auto-suggestion, etc., and is entirely supersed- 
ed by modern psychotherapy. What is unique in it is its metaphysic 
and religion, but these unique elements are destined to disappear with 
the progress of science. 

He considers the manifestations of mysticism, both physical and 
psychical, and maintains that they contain a large number of traits, 
such as hysteria, neurasthenia, etc., in common with those of various 
kinds of mental disorder. 

Further, with regard to the mystic’s sense of divine presence and 
guidance, Deuba refutes their transcendent causation. The Psychical 
occurrence is induced by auto-suggestion and other perfectly normal 
processes and are interpreted as divine presence in accordance with 
traditional theology. Deuba questions the positions of lames and Pratt. 

Deuba ^ applies the same logic to ecstasy, the supreme object of 
mystic aspiration, and draws the same conclusion. Ecstasy is no proof 
of union with the divine. It can be induced by drugs or hypnotism. 

In this paper the writer proposes : — (1) to examine the psychologi- 
cal analysis of religious mysticism offered by Deuba and point out its 
inadequacy. The data are not comprehensive enough, and the analysis 
does not touch the inner springs of mystic motivation; (2) to examine 
his logic, Dr. Deuba’s conclusions do not follow from his premises; 
(3) to examine Deuba’s claim that psychology dissolves the transcen- 
dent claims of mystic experience. The writer is of opinion that merely 
psychological exploration as such, however thorough, is incompetent to 
adjudge finally the objective status of mystic experience. 

13. Eesults of tests on memory, attention, ideation, etc., 

in the insane. 

Prank Noronha and M. V. Govindaswamy, Bangalore. 

Various tests were devised to test the patients’ powers of attention, 
ideation, etc., with reference to different psychoses. While attention 
tests were emphasised in cases of mania, emotion ideation, and moral 
evaluation tests were paid greater attention in cases of melancholia and 
juvenile delinquents. The various tests and the different responses in 
the psychoses are discussed in this paper, also improvement in the 
patients’ condition could be gathered from a more normal response to 
the different tests. 

14. Free association tests in the insane. 

Frank Noronha and M. V. Govindaswamy, Bangalore. 

The paper reports the results of the free association tests (Grung’s 
100 words) to which the patients in the Mental Hospital, Bangalore, 
were subjected. The more degenerate the patient’s mental condition, the 
greater the difficulty of making him understand the test. Stereotypic 
answers, wandering of attention, suspicion, responses with sentences 
instead of words, these, seem to be the characteristic response while 
in a few cases valuable information as regards the psychosis could be 
obtained. 
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15. Psycho-galvanic i-e6ex in the insane. 

M. V. Govindaswamy, Bangalore. 

About 20 patients who could be trusted to sit still were subjected to 
the same test as the normal individuals referred to in the previous paper, 
while the results were consistently low in all mental cases, some grada- 
tions however, could be made in different disorder, while maniacs and 
explosive types showed very good reflex, melancholics and early dementia 
precox cases showed a higher reflex, and peripherial stimuli were 
capable of producing a greater reflex than focal stimuli in all cases. 

16. The psychology of secrets. 

M. N. Banerji, Calcutta. 

Principles of dynamic psychology have been categorically formulated 
and their intimate connection with, or rather derivation from, the physio- 
logical processes explained. The mental states of doubt, forgetting, the 
concept of the unconscious, the two standards or ideals, one objective, 
experiential or of impressionability (including expectation, belief, bias), 
the other affective or subjective critique of response, the conscience, the 
sexual contribution of mental make-up have been discussed. 

17. Are there instincts? 

S. N. Bay, Patna. 

In the first place, the so-called differences between ‘ Instinct ’ and 
' Beflex ’ have been pointed out. Next, it has been held that these 
differences are more apparent than real. Taken biologically, instincts 
are nothing but reflexes. If we analyse an instinctive behaviour, we 
find that it is made of a number of reflexes which are so many elements 
in the mechanism through which an animal tries to maintain a state 
of equilibrium with its environment. Thus an animal is provided with 
an inherent nervous structure which enables it to adjust itself to its 
environment from the very start of life. Eeflexes are native and un- 
acquired responses to situations affecting the animal’s sensory apparatus. 

Becent psychologists have drawn our attention to the mental as- 
pects of an instinct — its cognitive, affective and conative aspects, and 
have pointed out that it would be a great blunder fo look upon instincts 
as reflexes. They have urged that for an adequate explanation of our 
psychic life it is essentially necessary that we must assume that man 
or animal to be a psycho-physical being and therefore the instincts whach 
are psycho-physical dispositions, must be supposed to have formed the 
basis of all human and animal conduct. This theory however reminds 
us of the old faculty theory and we believe that we have no adequate 
reason to believe that there are so many instincts by which alone we 
can explain different forms of behaviour. We do not deny, like the well- 
known behaviourist, the fact of experience, or to do so will be suicidal, 
but we point out that if there is anything innate and unacquired, they 
are the reflexes, and besides an inherited nervous structure we have no 
reason to suppose a mental structure to account for a mental function. 
The truth is that there need be no sharp line drawn between mental 
activities and organic functions. Our problem is to find out how or 
under what circumstances certain mental functions arise along with bodily 
activities- To find out the ‘ how ’ is the task of every science. 


18. Psycho-analysis and a psychological experiment. 
H. P. Haiti, Calcutta. 
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19. Prabhakara’s theory of cognition. 

G. Hanumantha Eao, Mysore. 

(1) Nature of cognition. — ^All cognition is intrinsically valid, self- 
evident (Svatalipimmanya). 

(2) Forms of valid oognition. — ^perceptual — simple and complex, 
inferential, verbal, analogical, and presumptive. 

(3) Deviations from valid oogrUtion : — 

(i) Errors due to organic causes : fa) A jaundiced person cognis- 

ing conch as yellow-coloured; (b) A person suffering from 
bile tasting sugar as bitter; (c) Seeing two moons. 

(ii) Errors due to subjective causes : — (a) Mistaking mother- 

of-pearl for silver, (b) Mistaking one direction for another. 
In the case of both of these, error arises on account of 
what is remembered not being distinguished from what is 
really cognised. 

(iii) Errors of omission and errors of commission. 

(iv) Cognition in dreams. What is only remembered is taken 

for something cognised. 

(v) Doubt. Doubt as to whether yonder tree is a post or a person 

is due to conflict between two memories. 

(4) Prdhhdkara's analysis of cognition compared with Spearman's 
analysis : — 

(i) For both cognition is neogenetic. 

(ii) Both account for deviations from valid cognition by the 

principle of retentivity. 

(iii) Spearman analyses cognition into three ultimate principles; 

Prabhakara into five forms : complex perception, inference, 
analogy, verbal oog'nition, and presumption are subsumed 
by Spearman under the principles of relation-finding and 
correlate-finding. 


20. The psychology of " Proof ’. 

D. D. Shendarkae, Hyderabad (Pn.). 

The origin of this inquiry was in Sir Percy Nunn’s suggestion that 
the meaning of ‘ proof ’ is different to children of different ages. This 
fact he links up with the three stages : — ^viz., wonder, utility and system 
— of the development of knowledge. 

Arithmetical problems were given for solution to twelve students of 
psychology. Prom their introspections, matter relevant to the nature 
of proof was collected. This led to the discovery that acceptance of a 
certain line of reasoning is not always inherent in the logical sequence 
of the various steps constituting the argument. The subjects were 
found to accept an argument on different grounds. 

The following kinds of mathematical proofs were discovered : — 

(i) Accepting a formula or rule because it worked in a few cases. 

(ii) Accepting a new procedure from analogy. 

(iii) Accepting a formula because it is familiar. 

(iv) Accepting a new method after interpreting it in terms of one 

already known. 

(v) Accepting the algebraic method as universal. 

(vi) Accepting a procedure after understanding the reasoning of 

its derivation. 

Thus, the statement that a proof can be of manifold levels is con- 
firmed in the case of adults also. 
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21. The psycho-galvanic indications of consciousness of 
guilt. 

M. V. Gopalabwami, Mysore. 


In a previous paper, {Proo. Ind. Sci. Congress, 1929, pages 377--96), 
an elaborate technique for the detection of crime, has been described. 
The present paper reports the attempts since made for the simplification 
of the technique. Briefly the new technique is as follows 

Instructions to the patient— Keep your eyes closed during the test, 
and listen to me carefully. Then repeat nrhatim whatever I say, irrespec- 
tive of the truth or falsity of the statement ’. 

Stimuli , — The experimenter should then proceed to make one by one, 
about a dozen statements, based on a thorough enquiry, regarding the 
personal habits, domestic affairs, income, deMs, 'etc., of the patient; 


‘ My income is Es. 20 a month. 

I have three children. 

I do not gamble. 

I have no debts to discharge.’ 

After thus maldng a number of statements unconnected with the 
crime, abruptly the following statements are presented 


‘ I did not commit this 


murder 



, murder 

I committed this*^^^^^ — . 

I am innocent. 

I am guilty.’ 

Care should be taken to present the statement involving the denial 
of the offence first, so that the ^atement will be true for the innocent 
person, and therefore less provocative than the statement admitting the 
offence. 

Results.— In all 27 patients have been tested for offences of theft and 
murder. Of these the innocence or guilt of only 6 persons have 
been established in Courts of Law. Taking these cases as external cri- 
teria, it was found that: 

1. guilty persons always give higher P.G.E. for the denial of 

offence, than for the admission of the offence; 

2. innocent persons always give higher P.G.E. for the admission 

of the offence, than for the denial. 


22. Correlation of memory with accuracy of observation. 

SuHRiDCHANDRA SiNHA and S. K. BosE, Cfilcutta. 

The paper is based on the result of a series of experiments in which 
trained graduates participated as subjects. Por testing accuracy of 
observation (a) ordinary picture cards showing five or six clearly dis- 
tinguishable Items, and (b) specially prepared cards with geometrical 
figures (complete and incomplete) were presented. In evaluating the 
score-values reporting of correct number of items, their positions with 
relation to one another and detailed description of individual items were 
taken into consideration. In ‘ memory experiment ’ the subjects had 
to memorise (c) non-sense syllables, as well as (d) senseful materials. 

Positive correlation was obtained between (b) and (c). Correlation 
between {a) and (c), and (a) and [d), and (b) and {d) were found to be 
negative. 


23. Intelligence and Memory. 

G, C. Chatterji and E. E. Kumeia, Lahore. 
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24. Juvenile delinquency in Bangalore. 

D. SiVARAMiAH, Bangalore. 

25. Disparity in the audit ary acuity. 

M. N. Banbejbe, Calcutta. 

26. The suitability of the six-point star figure as a test 

of motor learning. 

H. P. Maiti and S- S. Jalota, Calcutta. 

27. The effect of gravity on the values of the Hipp 

Chronoscope. 

S. S. Jalota, Calcutta. 

28. Effect of the surrounding surface on the temporal 

phase of the negative after-image. 

M. Samantha and H. P. Haiti, Calcutta. 
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•Coagulation and cataplioretic experiments on arsenious sulphide sol, etc., 
195. 
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Coal gas — A method for the purification of, 207. 

•Cocoanut oil, alcoholysis of, 208. 
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hMints and clierts of the Niniyur Stage, 378. 

Floating triangular prism — Equilibrium of a, 138. 
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RULES. 

INDIAN SCIENCE CONGEESS. 

1. The name of the Association shall be the Indian Science Congress-^ 
and its object shall be the advancement of Science in India by the annual* 
holding of a Congress and the doing of all such things as are incidentaf 
or conducive to the above object, including : 

(a) the holding and management of funds and property, 

(b) the acquisition of rights and privileges necessary or convenient 

for the object of the Association, 

(c) the management, development, improvement, disposal, and sale 

of all and any parts of the property of the Association. 

2. There shall be an Executive Committee which shall carry on the 
administrative work of the Congress and submit such questions as it thinks 
desirable to a G-eneral Committee at its Annual Meeting during the 
Session of the Congress or at a Special Meeting of which due notice shall 
have been given. 

3. The Executive Committee shall consist of the President, the^ 
Betiring President, the two Greneral Secretaries, and the Treasurer (who* 
shall be the Treasurer of the Asiatic Society of Bengal for the time being) 
of the Congress, the G-eneral Secretary of the Asiatic Society of Bengal for 
the time being, and five Permanent Members elected by the General 
Committee at its Annual Meeting during the Session of the Congress. 

The Executive Committee shall co-opt as members at least one and 
not more than two Local Secretaries for the ensuing Session of the 
Congress. 

4. The Executive Committee shall have full power to transact all 
business in case of emergency, notwithstanding any limitations herein- 
after laid down, and to deal with all matters not otherwise provided for 
in these Buies, including the making of such Begulations as may appear 
conducive to the good administration of the Association and the attain- 
ment of its object; provided always that such Begulations be not in- 
consistent with anything contained in these Buies, that they be reported 
for the information of the next meeting of the General Committee, and 
that they be subject to rescission or alteration by the Executive Com- 
mittee or by any meeting of the General Committee. 

5. There shall be a General Committee which shall consist of all 
Permanent Members of the Congress and such Sessional Members as have 
held office in the Congress. 

Officers of the Congress for the purpose of this Buie shall be : the 
Members of the Executive Committee and the Presidents and Becorders 
of Sections. 

6. The General Committee shall meet at least once during each 
Session of the Congress, preferably in the middle of the Session. 

7. There shall be a Council which shall consist of the Members of 
the Executive Committee, the Past Presidents of the Congress present in 
India, the Sectional Presidents for the ensuing Session, and, in addition, 
five Permanent Members elected by the General Committee at its Annual 
Meeting during the Session of the Congress. 

8. The Executive Committee shall consult the Council on matters of 
general scientific import and policy. 

9. There shall be a President who shall he nominated by the Exec- 
utive Committee, and w'hose nomination shall be submitted to the 
General Committee at its Annual Meeting duriug the Session of the 
Congress for confirmation. 
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10. There shall be two G-eneral Secretaries who shall be nominated 
by the Executive Committee and whose nomination shall be submitted to 
the General Committee at its Annual Meeting during the Session of the 
Congress for confirmation. 

11. Each General Secretary shall hold ofdce till the termination of 
the fifth Session of the Congress'^ following the confirmation of his appoint- 
ment, and shall be eligible for re-appointment. 

12. In the event of a vacancy amongst the General Secretaries 
occurring between two Sessions of the Congress the Executive Committee 
shall have power to appoint a General Secretary for the period up to the 
termination of the next Session of the Congress. 

13. There shall be a Local Secretary or Local Secretaries for each 
Session of the Congress who shall be appointed by the Executive Com- 
mittee. 

14. There shall be a Local Committee for each Session of the Con- 
gress which shall be appointed by the Executive Committee. 

15. The Local Secretary, or Secretaries, and the Local Committee 
shall jointly, on behalf of and in consultation with the Executive Com- 
mittee, make all necessary arrangements for the holding of the Session 
of the Congress. 

16. Eor the purpose of scientific deliberation during the Session of 
the Congress there shall be such Sections corresponding to different 
branches of science as may from time to time be constituted by the 
General Committee on the recommendation of the Executive Committee. 

17. There shall be Sectional Presidents and Sectional Recorders who 
shall be -appointed by the Executive Committee. 

18. There shall be Sectional Committees which shall consist of the 
following two of&cers : — 

(a) The President of the Section (Convener), 

(b) The Recorder of the Section, 

and, in addition, of the following members : — 

(c) All Permanent Members of the Congress who have been President 

or Recorder of the Section concerned, 

(d) Two members elected by the General Committee at its Annual 

Meeting during the Session of the Congress. 

A Sectional Committee may co-opt two additional Permanent Members 
of the Congress of whom one at least shall be resident in the locality in 
which the ensuing Session of the Congress is to be held. 

In the absence of the President of any Section from any of its meetings, 
the most senior member of the Sectional Committee present shall take the 
Chair. 

The Sectional Committees shall meet on the opening day of each 
Session of the Congress and as often as may be necessary during the 
Session of the Congress. 

Each Sectional Committee shall in its meetings during the Session 
■of each Congress : — 

(a) nominate a Sectional President and a Sectional Recorder for 

next year’s Session of the Congress for the consideration of 

the Executive Committee, 

(b) determine the detailed arrangements of the Sectional meetings, 

(c) select the papers to be read and discussed, 

(d) delete by a two-thirds’ majority any abstract from final publi- 

cation in the Proceedings, 

(e) determine the contents of the Sectional record in the Proceed- 

ings. 

19. (a) Any paper submitted for reading at the Session of the 
Congress shall be forwarded to the President of the Section concerned 
so as to reach him not later than a date to be fixed from time to time by 
the Executive Committee. 
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(b) Any paper submitted for reading at the Session of the 
Congress shall be accompanied by an abstract in triplicate. 

(c) Any paper submitted for reading at the Session of the Congress 
shall be refereed by the Sectional President or by some person or persons 
appointed by him. Decisions with regard to acceptance or refusal of any 
paper for submission to the Sectional Committee shall be final and all 
reports confidential. 

(d) No published paper shall be accepted. 

20 The Congress shall consist of four classes of members : — 

(a) Permanent Members. 

Annual subscription Ks. 10/-. 

The subscription shall become due on the 1st of February of 
each year and shall only be effective as a payment for 
Permanent Membership subscription if paid before the 16th 
of July of the year. 

(b) Sessional Members. 

Subscription Es. 10/- per session. 

(c) Associate Members. 

Subscription Es. 5/- per session. 

(d) Student Members. 

Subscription Es. *2/- per session. 

(A Student Member must be duly certified by the head of his institu- 
tion to be a bona fide student.) 

Permanent and Sessional Members shall have the right of 
contributing papers for reading at the Session of the Congress 
and to receive free of charge all publications relating to the 
Session for which they are members. 

Associate and Student Members shall have the right of con- 
tributmg papers for reading at the Session of the Congress 
provided they have been communicated by a Permanent 
Member. 

21. Any Permanent Member may compound for the payment of all 
future annual subscriptions by the payment in a single sum of Es. 150/-. 

22. The following procedure shall be observed for the makmg of any 
addition to or alteration m the Eules of the Indian Science Congress : — 

{%) Proposals for additions to and alterations in the existing Eules 
of the Indian Science Congress may be placed at any time 
before the G-eneral Committee by the Executive Committee, 
(zi) (a) Proposals for additions to and alterations in the existing 
Eules by any Permanent Member of the Congress shall 
be sent to one of the G-eneral Secretaries so as to reach 
him two full months before the meeting of the General 
Committee in which they are to be moved. 

(b) One of the General Secretaries shall circulate such proposals 

to all Permanent Members of the Congress at least one 
full month before the meeting of the General Committee. 

(c) Any amendments to the proposals shall be sent by any 

Permanent Member of the Congress to one of the General 
Secretaries so as to reach him at least a fortnight before 
the meeting of the General Committee. 

* (d) The proposals together with any amendments, shall be brought 

up before the meeting of the General Committee at its 
Annual Meeting during the Session of the Congress to- 
gether with any remarks of the Executive Committee and 
declared carried if accepted by a two-thirds’ majority of 
the constituent Members" present at the meeting. 

(Adopted the 5th January, 1931.) 
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1 . 

Account of the Indian Science Congress for the year ending 
the Slat December^ 1931. 


Beceipts. 

Expenditure. 

Dr. 

Bs. A. 

p. 

1 Or. 

Bs. 

A. 

p. 

To Balance 

18,547 10 

5 

By Printing 

9,964 

1 

0 

,, Contributions of 



„ Salaries 

600 

0 

0 

Universities, 



„ Indexing 

lOO 

0 

0 

etc. 

2,600 0 

0 

,, Travelling Ex- 




,, Life membership 



penses 

250 

0 

0 

fees 

750 0 

0 

„ Postage 

589 

9 

9 

,, Subscriptions ... 

6,148 14 

0 

,, Fixed deposits 




,, Interest on Fixed 



Tvitli Banks, 




Deposits 

704 2 

6 

etc. 

55,435 

6 

6 

,, Eeturn of Deposits 



„ Contingencies ... 

88 

2 

0 

by Banks, etc. 

41,365 10 

0 

„ Balance including 







deposits out- 







standing (Bs. 







14,069-32-6) ... 

2,089 

1 

8 

Total ... 

69,116 4 11 

Total ... 

69,116 

4 11 


(Sd.) K. C. Mahindra, 
Honorary Treasurer, 
Asiatic Society of Bengal. 
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Indiais" Science Congress, Session, 1932, Bangalore. 
Statement of Local Accounts. 

General Receipts and Expenditure. 


Eeceipts. 


Expenditure. 


Donations 

Advance of Escarsions— 
Es. 

(aj Actuals 
(&J A m 0 u n t 
t r a n s« 
f e r r e d 
from Cal- 
c n t t a 
fimds 


Es. 

1,880 


A. P. 
0 0 


1,158 


3 3 0 


University Advance 
Student memberships 
Associate memberships 
Full memberships ... 
Miscellaneous 
Balance to be recouped 


1,161 

1,100 

382 

790 

830 

48 

692 


Total 


Handbook of Mysore 

Rs. a. 
400 0 

p. 

0 

Printing 

546 2 

0 

Stationery 

42 11 

9 

Reception Hall and other furni- 
ture hire 

321 8 

0 

Newspapers and periodicals for 
the Reception Hall 

30 10 

6 

Whitewashing the Reception 
Hall ... 

4 8 

0 

Postage and telegrams 

67 13 

0 

Vice-Chancellor’s ‘ At Home ’ 
(bill of Modern Hindu Hotel) 

675 8 

0 


Rovers — Rs. a. p. 

(а) G 0 n t in- 

g e n c y 
First Aid 

sets etc. 21 4 0 

(б) Lunch at 

Cricket 

Match ... 16 11 0 

(c) E n t e r» 

t a i n- 
ment of 
Rovers and 
other ser- 
vicemen ... 219 7 0 

(d) E 0 V e r s’ 

group 
photo 


15 0 0 
for 


6,783 15 4 


Veerasaiva Hostel (rent 
occupying rooms) ... 

Excursions 

Refund of excursion and other 
advances 

Temporary of&ce staff, allowance 
to other accountants and clerks 
and car allowance of Secre- 
taries ... 

Gratuities to College seiwants 

Sanitary arrangements and hire 
of plants 

Congress office car ... 

Preparation of Lecture halls ... 

Miscellaneous contingencies 

Actual amount to 
be sent to Cal- Es. a. p. 
cutta ... 1,929 10 0 

Add Rs. 3-3-0 to- 
wards excursion 
charges of Prof. 

Agharkar ... 3 3 0 


271 6 10 


48 0 0 
892 9 6 


lOU 12 0 


726 10 0 
176 0 U 

81 4 0 
95 0 0 
284 16 6 
85 11 3 


Total 


1,932 13 0 
6,783 ' 4 


B.ang-Alose, 1932. 


S. G. Sastey, 
Local Secretary, 
Indian Science Congress, 
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